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ARTHUR JOHN ALLMAND 
1885-1951 


This biography of ARTHUR JoHN ALLMAND is compiled from the personal 
record he left with the Society, from appreciations of pupils and friends, 
and from the recollections of the author who worked side by side with him in 
Liverpool and maintained a life-long friendship with him. 

The plan of the biography is first to take the reader through the answers to 
the Society’s questions followed by an appreciation of his work and character. 

Allmand’s favourite dictum on a professor of one of the natural sciences 
was that he might be a great researcher, a great administrator or a great 
teacher. Sometimes he might shine in two of these categories but to do so in 
all three was unattainable for most people. This should be borne in mind, as 
it was undoubtedly the pattern to which his life conformed. 

Allmand’s father, Frank Allmand, was a flour miller of Wrexham, a quiet 
pale man like his son, who attained the great age of ninety years. His 
mother’s maiden name was Thomas and her father was a timber merchant 
of Wrexham. 

The Allmands came from the Malpas district of Cheshire. The border 
between England and Wales is not all that firmly drawn. Allmand may 
fairly be claimed as a Welsh dominant; in character and outlook he was 
wholly so. One of his great grandmothers was a Frenchwoman. 

He had a happy childhood in and near Wrexham, was naturally very 
studious and an omnivorous reader with a special taste for the Celtic tradition. 
Geoffrey of Monmouth, the Mabinogion, Malory and Welsh folk songs for 
example. 

The family were not well off during his youth. Originally his father had a 
water mill, and later a steam mill; the shadows, however, were lengthening 
for the small millers. On top of this his father’s mill was burnt down and he 
was reduced to becoming a corn and flour dealer. To better this he bred 
large white pigs very successfully from the show point of view, gaining 
championships at the ‘Bath and West’ and many other prizes. The financial 
return, however, was not very great. He also attempted to grow mushrooms 
in the basement of his burnt-out mill but without any great success. All this 
was confirmed by the impression he made as a man struggling hard against 
misfortune. 4 

According to Allmand, his mother’s family were more prosperous and 
talented than his father’s, but the latter’s courage and persistency were un- 
doubtedly reflected in his son. 
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Allmand’s holidays, in his youth, were all spent either in Welsh seaside 
resorts or in the depths of the country. He had some knowledge of the 
Welsh language, but did not read it with any facility. His accent and pro- 
nunciation were to the ear of an Englishman at any rate, racy, of the soil. 

He went to a Dame’s School in Wrexham from an early age, till 1894, and 
from that year till 1898, he was at Alleyn’s School at Dulwich, living with an 
aunt in London. In the latter year, owing to his aunt leaving London, he 
returned to Wrexham where he went to the Grove Park school. 

Scholarships played no part in his early career except one which waived his 
fees in Dulwich, which drew down on him the displeasure of the head- 
master when he had to leave in 1898. 

The headmaster of the Grove School wanted all his bright boys to go to 
Oxford. 

Allmand, by this time, had determined to become a chemist under the 
following circumstances. His father had shown him an article in the Scotsman 
by Professor Tapp of Aberdeen, lauding the chemical industry as a career. 
The paper had been sent home by one of his aunts, the wife of another 
Aberdeen professor. This fired Allmand’s imagination and made him deter- 
mine on a chemical career. He also formed the opinion that he could learn 
chemistry better in one of the newer universities, and stuck to his guns 
despite the disapproval of his headmaster. Allmand was always capable of 
forming his own opinion and sticking to it. 

He took his matriculation in 1901 (London), and was placed ninth in 
Honours, and in 1902 entered the University of Liverpool with three Scholar- 
ships, the Gilchrist, the Tate Scholarship in technical science and one from 
the Denbighshire Education Committee. 

At the time of Allmand’s entry, the University of Liverpool was in process 
of formation from the old Victoria University whose constituent colleges were 
at Liverpool, Manchester, and Leeds. The new University at that time had a 
remarkable and brilliant body of men on the staff: Sherrington, Ronald 
Ross, Sampson, Kuno Meyer, Pares, Elton, Augustus John, and Reid Dick, 
to name only a few. They were a most accessible lot. Apart from his chemistry, 
and particularly after his graduation, Allmand at once fell under the influence 
of Bernard Pares, from whom he learnt Russian, Kuno Meyer, who taught 
him some Celtic philology, Sampson, naturally, with his Welsh and gipsy 
affiliations, also. Oliver Elton was so much impressed by his literary ability 
that he asked him to join his staff. 

Now returning to his chemical career. He took his intermediate examina- 
tion in chemistry, physics and mathematics, not doing enough of the latter 
two, as he always admitted in later life. 

The professor of chemistry at this time was James Campbell Brown, who, 
though not a particularly effective lecturer, was a man of considerable 
influence, and his integrity and general outlook commanded respect. 
Titherley, the lecturer in organic chemistry, was already famous for his 
discovery of sodamide and his lectures were brilliant and most attractive. 
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It says much for Campbell Brown that he was a devoted admirer of Willard 
Gibbs the great American. 

In those days students were not expected necessarily to know much 
chemistry when they arrived at the University. In any case all had to take the 
first year lectures which were sometimes nearly a riot. During this period 
Allmand, Warrington Yorke, and Freeth, always sat side by side. Allmand 
was the quiet member of the trio. Allmand’s undergraduate career was free 
from any ups and downs. With his intense devotion to work, his great ability 
and excellent memory he sailed through everything and obtained, in 1905, a 
first-class honours degree in chemistry. 

It was the arrival of F. G. Donnan in 1904, in the new chair of physical 
chemistry, which influenced his career so profoundly. Donnan, an Ulsterman 
of the highest ability, charm and capacity for friendliness, fresh from working 
with van t’Hoff and Ostwald, immediately captured us all, and we became 
ardent physical chemists on the spot. 

In these days, there were only six candidates for honours in chemistry, 
Allmand, Barker, Batey, Freeth, Hicks, and Purser. Our contacts with our 
professors were of a frequency and character which would be impossible 
nowadays on account of sheer weight of numbers. 

Donnan’s method of inducting young men into research, there was no 
Ph.D. degree, was to get them to repeat some paper recently published by 
one of the best known men of the day. He introduced us to all the new 
techniques tillthen quite unknown to us. Thermostats, capillary electrometers, 
the phase rule techniques and so forth. Besides all this, he gave us a Bodad 
European outlook which stayed with most of us for the rest of our lives. 

Allmand was immediately attracted by electrochemistry. A glance at his 
bibliography, herewith, will show that it was his major scientific predilection 
though he had numerous and successful incursions into photochemistry and 
adsorption. 

Returning to our chronology, after taking his Honours degree in 1905, 
Allmand began research under the aegis of Donnan. The latter, for the next 
few years, in addition to his ordinary duties, had to play a substantial part in 
the design and equipment of the Muspratt Laboratory of Physical Chemistry. 
In this he was ably and devotedly assisted by Allmand who thereby gained an 
experience which was always useful to him. His progress was marked by an 
M.Sc. degree in 1906, and a D.Sc. in 1910. In the latter year he was awarded 
an 1851 Exhibition which took him to Karlsruhe under Haber in 1910-11 
and to Dresden under Luther in 1911-12. 

Commenting on his experience in Germany, Allmand said that while liking 
both Haber and Luther well enough and having the greatest respect for ae 
work, they had little personal influence on him. Neither of the researches in 
which he was engaged came off and as he quite over-modestly suggested, 
‘a better experimenter would have learned more than I did from the failures.’ 
Parenthetically, surely this was due to his eyesight; as a child his eyes 
were normal, but as an aftermath of scarlet fever, he had to wear very thick 
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glasses which were a great handicap to any manipulation or the playing of 
ames. 

; In 1912 and 1913 Allmand became Donnan’s research assistant in Liver- 

pool and accompanied him to London when the latter followed Sir William 

Ramsay in the Chair of Chemistry in University College. 

From 1913 to 1919 Allmand was assistant lecturer and demonstrator in the 
University of Liverpool. 

In the summer of 1914 Allmand and Donnan, travelling in Germany, were 
only able to escape by the skin of their teeth by way of Poland, Russia and 
Sweden. 

In October 1914 Allmand sent a telegram to Freeth, who was serving in 
the 5th (E. of C.) Battalion the 22nd (Cheshire) Regiment, T.A., ‘Can you 
assist me to obtain a commission in the Cheshire Regiment’. To which the 
reply came, ‘Yes, if you will shave off your beard’. He was commissioned in 
January, 1915, and took to soldiering in that quiet, conscientious, tolerant, 
efficient way in which he did everything else. 

In the spring of 1915 he joined the 5th Battalion near Ypres; they sub- 
sequently went to the Somme. 

After the beginning of chemical warfare every officer with any chemical 
knowledge was roped in to assist in overcoming it. Allmand was seconded 
from Regimental duty to ‘Gas’ Services R.E. as Assistant Chemical Adviser 
to the Third Army. He was awarded a Military Cross in 1916. In that year 
he was made Chemical Adviser to the Fourth Army, in 1918 he held the same 
appointment with the Second Army, was in the Army of Occupation and 
demobilized with the rank of Major in 1919. 

In 1919 he became Professor of Chemistry in King’s College, London, 
becoming Dean of the Faculty and senior professor till his retirement in 
1950. 

In 1920 Allmand married Mlle M. M. S. Malicorne at St. Mandé (Seine). 
His parents-in-law were Normans from the St. L6 district; small landowners, 
professional and service people well describes them. There were three children 
of the marriage, a daughter named Marguerite, who is married to a Civil 
Servant named John Murphy, a son Michael, who at the age of 20 was 
killed in the war, serving in a Ghurka Battalion with the Chindits. He was 
awarded a posthumous V.C.: we will return to him later. The younger son, 
Christopher, is still being educated. 

About the time of his marriage he joined what one of the orators at his 
memorial service termed the ‘Roman Obedience’. This to Allmand was 
simply ‘the Catholic Church’. It was a landmark and turning point in his 
career. It did not surprise the writer at all. Allmand was naturally a religious 
man, and had found the Church and the creed which claimed and held his 
devotion for the rest of his life. The Pope made him a Knight of the Order of 
Saint Gregory in 1950. 

Allmand was a Vice-President of the Chemical Society. He was most 
appropriately President of the Faraday Society, 1947-48. He was an Honor- 
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ary Fellow of the Polish Chemical Society. He was elected into the Royal 
Society in 1929. He was a Fellow of the Royal Institute of Chemistry and 
belonged to the Electroplaters Technical Society and for many years was 
a member of the American Chemical Society and the Deutsche Bunsen 
Gesellschaft. 

As already stated he retired from the Chair at King’s College and only 
survived for one year, dying after an operation on 4 August 1951. 

He altered very little in appearance throughout his life. He was a grave 
youth and much shyer than many people realized. Physically he was not 
really strong and kept going largely by his will power. The writer has a vivid 
recollection of a long walk with him in North Wales in the spring of 1903 or 
1904. Intending to go about twenty-five miles, owing to a mistake in direc- 
tion we found ourselves at tea-time with twenty or more miles to go. In all 
we walked fifty miles in the day. During the last ten miles he became ex- 
hausted and characteristically refused any help until about the last few miles. 
He just drove himself along. 

All information received from his friends, pupils and associates points 
in the same direction: Allmand working himself again and again to the 
verge of breakdown in doing what he regarded as his duty to the college and 
above all to his students. He was a great teacher, his lectures were a model of 
clarity, and the pains he took were beyond belief. He never sought the lime- 
light at all. 

His researches were devised to educate his students, many of whom have 
attained great distinction in academic and technical life. 

To quote from one of them in a great industrial research laboratory: 

‘As an administrator he was actively concerned with the most minute 
details particularly where they concerned the well-being of an individual. He 
was indeed meticulous in all he undertook. As a lecturer the subject matter 
was excellent, but he had a very quiet voice which did not carry well, and he 
talked at an extremely fast rate. As a teacher of research he was outstanding. 

‘He would come into each research laboratory once or at the most twice a 
week and ask each worker how things were going. You would tell him and he 
would often say, “what do you think is the mechanism’’? As young men full of 
enthusiasm we propounded our theories, which often were obviously absurd 
if we could have realized it. 

‘He never told us that our ideas were impossible, but instead he gradually 
turned the conversation until in a quarter of an hour’s time the student said 
his views were hopeless. He developed his students’ reasoning powers and 
made them think and talk. Truly a very great attribute. He had a pheno- 
menal memory and would quote author, journal, year, and page number of 
quite abstruse papers on a wide variety of subjects embraced by physical 
chemistry. 

‘He was indeed a glutton for work and toiled on till the early hours of the 
morning, so much so that he had several breakdowns or near breakdowns 
and was forced to take life more easily.’ 
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The director of research in one of our great chemical companies says of 
him: 

‘Before 1914 Allmand’s main interest had been electrochemistry. After 
the war he added to this a growing interest in photochemistry and by es 
had several researches in both these branches of physical chemistry. 

‘Debye and Hiickel had just made their great contributions to the theory 
of solutions of electrolytes, but, thereafter, for a time, the subject became 
somewhat arid, progress with the theory of concentrated solutions, which 
Allmand would have liked to advance, became very slow and work on the 
subject leaned heavily in the direction of thermodynamic treatment and 
development. 

‘Photochemistry, on the other hand, was still at an early stage, for its 
development had waited for the development of the quantum theory and for 
improved instruments and techniques. It afforded unlimited scope for careful 
and precise measurements and was constantly throwing up new problems. 
I remember that in those days much work was being done by Allmand 
on the hydrogen-chlorine reaction, then a most baffling problem. 

‘Photochemistry brought its connexions with spectroscopy, kinetic theory 
and reaction kinetics that added greatly to the breadth of Allmand’s learning 
and the interest of his school.’ 

Allmand soon came to be regarded as a leading photochemist. He main- 
tained his interest in electrolytes and usually had students working on this 
subject and kept up a remarkable knowledge of its literature by a prodigious 
amount of reading. 

‘He was extremely helpful and considerate to his students. He expected 
hard work from them, and in return he worked extremely hard both in 
physical chemistry, which was his absorbing interest, and in the interest of 
his students. He was especially conscientious about his supervisory duties and 
his research students were visited by him three or four times a week. He was a 
familiar figure, with his fiery hair and large round, gold-framed spectacles. 

‘Usually he was dressed in a blue suit, flannel shirt and regimental tie. 

‘He confined himself to the business in hand and though he would discuss 
a problem with great animation, bringing to it evidence of wide and deep 
knowledge, he did not linger, during the day, to discuss anything but work. 
He was too busy a man, through being in the best sense a slave to duty. He 
had an enthusiasm for army life and training, rather unusual at that time, 
which perhaps reflected the great influence his war-time service had had 
upon him. 

‘Allmand was excellent as a lecturer, clear, precise and elegant in method, 
and his clarity was used to take the fullest advantage of the careful and 
thorough preparation he so evidently and invariably gave to his material. 

‘Allmand had all the qualities needed by a university professor, to help 
him to fulfil, and more than fulfil, his duty to the University, the college 
and its members, and the many professional bodies he was connected with. 
A man of greater genius might have left a greater mark on the development of 
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his subject, but, only, I think, at the expense of the trouble which Allmand took over 
the teaching and training of men, for he did see that during those years at King’s College 
physical chemistry was well taught and research was well supervised.’ 

The above quotations amply prove the final conclusions of the writer, 
namely, that Allmand’s main working life was dominated by his intense 
religious conviction that his duty was to serve his country, his university and 
his students to the greater glory of God. 

This conclusion is supported by the statement of Sir Ernest Barker in his 
book Age and Youth, which was brought to the writer’s notice just as this 
biography was completed. 

Speaking of King’s College, London, he said, ‘in chemistry there was that 
rare spirit, saint as well as chemist whose memory is a benediction, A. J. 
Allmand’. 

Finally, as has already been stated, the death in action of Allmand’s elder 
son Michael, was a most grievous and terrible blow, alleviated by its 
gallantry. He was awarded a posthumous Victoria Cross with the following 
citation: 

‘Captain Allmand was commanding the leading platoon of the 6th 
Gurkha Rifles on 11th June, 1944, when the Battalion was ordered to 
attack the Pin Hmi Road Bridge. 

‘The enemy had already succeeded in holding up our advance at this point 
for twenty-four hours. The approach to the bridge was very narrow as the 
road was banked up and the low lying land on either side was swampy and 
densely covered in jungle. The Japanese, who were dug in along the banks 
of the road and in the jungle with machine guns and small arms, were putting 
up a most desperate resistance. 

‘As the platoon came within twenty yards of the bridge, the enemy opened 
heavy and accurate fire, inflicting severe casualties and forcing the men to 
seek cover. Captain Allmand, however, with the utmost gallantry, charged 
on by himself hurling grenades into the enemy positions and killing three 
Japanese himself with his kukri. 

‘Inspired by the splendid example of their platoon commander the surviv- 
ing men followed him and captured their objective. ‘Two days later Captain 
Allmand, owing to casualties among the officers, took over command of the 
company and dashing thirty yards ahead of it through long grass and 
marshy ground, swept by machine-gune fire, personally killed a number of 
enemy machine gunners and successfully led his men on to the ridge of high 
ground that they had been ordered to seize. 

‘Once again, on June 23rd, in the final attack on the railway bridge at 
Mogaung, Captain Allmand, suffering from trench foot, which made it 
difficult for him to walk, moved forward alone through deep mud and shell- 
holes and charged a machine-gun nest singlehanded, but he was mortally 
wounded and died shortly afterwards. 

‘The superb gallantry, outstanding leadership and protracted heroism of 
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this very brave officer were a wonderful example to the whole Battalion and 


in the highest tradition of his regiment.’ 
On this stirring note we can leave our friend Allmand secure in the 


affection, admiration and respect of generations of students and of all who 
knew him. 
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ERNEST WILLIAM BARNES 
1874-1953 


The father of ERNest Witt1am Barnes was John Starkie Barnes, a native 
of Accrington in Lancashire, whose forebears and relatives were all engaged 
in the cotton trade. Mr Barnes became an elementary teacher in the sixties 
of the last century, and at an early age was appointed a headmaster. His 
wife, Jane Elizabeth Kerry, who came of an agricultural family in the small 
Oxfordshire town of Charlbury, was at the time of their marriage head- 
mistress of the associated school for girls. They had a family of four sons, 
of whom the eldest, the subject of this notice, was born at Birmingham on 
1 April 1874: the second, Arthur Stanley (1875—) became M.D., 
D.Sc., F.R.C.P., and Dean of the Medical Faculty in the University of 
Birmingham; the third, Alfred Edward (1877-1916) won a classical scholar- 
ship at Trinity College, Cambridge, was called to the Bar, and became an 
official of the Local Government Board; the youngest, James Sidney (1881- 
1952), was also a scholar of Trinity, was Third Wrangler in the Mathematical 
Tripos, and entered the Admiralty: he rose to be Deputy Secretary and to 
be awarded the C.B. and the K.B.E. 

Mr J. S. Barnes, after holding more than one headmastership, became 
Clerk to the King’s Norton School Board, and, about 1883, an Inspector of 
Schools in Birmingham, a position that he occupied throughout the rest 
of his working life. 

Ernest William Barnes was educated first at King Edward’s School, 
Birmingham, where he came under the influence of the headmaster, A. R. 
Vardy, and the chief mathematics master, Rawdon Levett. In 1892 he won 
an entrance scholarship in mathematics to Trinity College, Cambridge; he 
was bracketed Second Wrangler in 1896, was President of the Union in 1897, 
was placed in the first division of the first class in Part II of the Mathematical 
Tripos in 1897, and was awarded the first Smith’s Prize in 1898. In the latter 
year he was elected to a Trinity Fellowship, which in 1902 was combined 
with a college Lectureship and in 1908 with a Tutorship. He graduated 
Sc.D. of the University in 1907. 
~ Barnes’s earliest paper (1)* was a new proof of a theorem due to Picard 
regarding the integrals of linear differential equations with doubly-periodic 
coefficients. 

In 1899 he wrote a long memoir (2) on the gamma-function, in which he 
gave the asymptotic expansion of this function at infinity for both real and 


* The numbers in brackets refer to the list at the end of this notice. 
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complex values of the variable, and showed that the gamma-function and 
Bernoulli’s functions can be represented as special cases of the same integral: 
he proved, moreover, that the gamma-function cannot be the solution of 
a differential equation whose coefficients are not functions of the same nature. 
This paper was followed in the same year by (3), in which he studied the 
G-function, a generalization of the gamma-function which satisfies the 
equation G(z+1) =TI(z) G(z); he showed that it can be expressed as a 
double product 


2 


G(z) =e z baits {( ce al ae he re oe: l 


where 7 is a quadratic function of z, and the accent denotes that the pair 
m=0, n=0, is to be excluded from the infinite product; he also gave integral 
expressions for it. He then (4) examined a generalization of the G-function, 
which had been discovered by Alexejewsky in 1894, and which he named 
the double gamma-function, since it bears to Weierstrass’s sigma-function the 
same relation as '(z) bears to sin Tz. It satisfies the equation 


a 


where 7 is a constant, and it can be represented by the doubly-infinite product 
z\_ £4, %)\% 
e(<) =texp ( a +b =) a2 


alli (1 +4) or l-mat ma 


where a and b are functions of t only. If a and 64 are suitably chosen, it 
satisfies the difference-equations 


eee 
and G(o2) (om) sata (z) c(=). 


The product of four particular functions can be expressed in terms of a 
Jacobian theta-function. In a long memoir (5) he changed the notation 
slightly so as to have symmetrical difference-equations involving periods 
©,, ©,, instead of 1, t, and worked out many more properties of the double 
gamma function and related functions. By analogy with the usual definition 
of the simple Bernoulli function S,,(a, ) (whose coefficients involve the 
Bernoullian numbers) as that polynomial of the (n-++1)th degree in a which 
satisfies the difference-equation f(a+)—f(a) =a" and vanishes with a, 
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we can define the double Bernoulli function »S,(a/a, @:) to be that poly- 
nomial of the (n+2)th degree in a, which vanishes with a and satisfies the 
difference-equation 


S(@+;) —f(a) = S,(a, ®y) —S),41(a, &) /(n+1). 
This function is symmetric in the parameters @,, ®». Barnes proved that, 


apart from a linear and a constant term, »5,,(a/@,, @,) is the only polynomial 
that satisfies the difference-equation 


S(A+O +g) —f(a+-@,) —f(a-+@s) + f(a) = a". 

He proved many of its properties, and applied them to established theorems 
regarding the double gamma function, showing that it can be represented 
as a singly-infinite product of ordinary gamma-functions, multiplied by 
quadratic exponential functions of the variable: this form corresponds to the 
representation of elliptic sigma-functions by infinite products of circular 
functions. He then discussed its connexion with the Weierstrassian elliptic 
functions, and with a double Riemann zeta-function defined by 


7 ( —82/ Do e\s—) 
t(s, a/x, e, ) oe (1 5) | ete ( “4) ae 
21 (1 —e**) (1 —e%2’) 
where the integration is taken along a curve beginning and ending at infinity 
and enclosing the origin. This function is the simplest solution of the 
difference-equation 


S(A+@1 +s) —f(a+1) f(a +s) +f(@) = a. 

Stieltjes had proved that the asymptotic expansion for [(x) is valid for 
all values of | arg x| less than 1. Now Barnes, using an idea suggested by 
Mellin, extended the result to the multiple gamma-functions. The theory 
of multiple Bernoulli functions, multiple Riemann zeta-functions, and 
multiple gamma-functions, was studied further in (12). 

In (9) he showed that in terms of the double gamma-function it is possible 
to express the coefficients of capacity of two non-intersecting electrified 
spheres. 

Barnes’s next considerable work, (6), was a study of integral functions, 
a term which he used as a translation of the French fonctions entiéres, i.e. 
holomorphic transcendental functions: and it was carried further in (8) 
and (13). He investigated the asymptotic expansions of the logarithms of 
integral functions of finite order defined by Weierstrassian products, and 
suggested that such investigations, which characterize the essential singularity 
at infinity, might lead to a classification of integral functions, relating the 
classification to Laguerre’s introduction of genre and Borel’s notion of order. 
Barnes’s expansions were obtained for functions of simple and multiple 
linear sequence, these terms being defined as follows: a simple integral 
function is one that may be expressed as a Weierstrassian product whose nth 
zero a, depends solely upon z and definite constants, and which is such that 
the law of dependence of a, upon z is the same for all but a finite number of 
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zeros; functions of multiple linear sequence are functions whose general zero 
is of the type f(a-++n, ©,+...+n, @,), « and the w’s being constants and the 
n’s being the whole numbers that define the particular zero. 

The investigation was based on the theory of divergent series: in (6) 
Barnes developed for this purpose a theory of Borel, who had shown that 
a power-series with a finite radius of convergence can by means of a certain 
integral be interpreted for values of the variable outside the circle of con- 
vergence. The fundamental procedure consisted in applying the asymptotic 
expansions of the Euler-Maclaurin sum-formula to a transformation by 
logarithmic expansion of the function investigated. The terms of the double 
series which arose in this way were rearranged, and were then summed by 
an application of Fourier’s theorem. Throughout the investigation no attempt 
was made to determine remainders for the asymptotic expansions. In (8) 
he further studied the properties of Taylor’s expansions of integral functions, 
and in (13) he examined particularly the asymptotic expansions of functions 
of multiple linear sequence. As we shall see, the investigations on integral 
functions defined by Weierstrassian products were continued in (17) 
and (18). 

In a short note (7) published about this time he proved that when 
—T < 6 <n, the sum of the Fourier series 


eee ; 
(=1)'e%* 
area cae 


S09) 
can be expressed in terms of the nth Bernoullian function. 


In (11) he gave an improved proof of the formula for Euler’s constant, 
1 
ve | ee 
z 
0 
In 1903 and 1905 he discussed the Euler-Maclaurin sum-formula 
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in (10) he generalized the analysis connected with it and considered it 
from the point of view of the theory of asymptotic series: and in (17) he 
gave a fresh demonstration of the conditions under which his extensions 
of the formula were valid, and obtained a new form for the remainder. 

In (14) he entered a new field, investigating the functional nature of the 
solution of the homogeneous linear difference-equation of the second order 
with linear coefficients, 


(dx +be) f(x+2) +(qxtby) f(x+1) +(dox+bo) f(x) = 0. 


It was shown that in the general cases the solution leads to the complete 
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system of hypergeometric functions studied by Kummer and Riemann; 


it may be written 
L(%) = © (x) fa(*) +0(x) fo(x) 


where ®,(x) and ,(x) are arbitrary simple periodic functions of x of period 1, 
while f,(x) and f2(x) are one-valued meromorphic functions of x with 
sequences of poles of similar type. As applications he considered the linear 
difference-equations for the Legendre and Bessel functions. 

In (15) and (16) he studied linear difference-equations of the first order 
(particular cases of which had occurred in his work on ordinary and double 


gamma functions) 
P(x +1) —P(x) = x(x). 


The most simple solution of a linear difference-equation of the first order 
whose coefficients are meromorphic functions is, in general, a one-valued 
function with sets of simple sequences of poles tending to infinity. Barnes 
showed, in connexion with the above difference-equation when x(x) is a 
one-valued analytic function, that, in general, its solution cannot be a 
solution of any differential equation of finite order unless either: (@)” the 
coefficients of the latter are obtained by differentiation from the solution 
itself, or (b) we can, from these coefficients and the function x(x) and its 
derivatives, by the fundamental process of forming finite differences coupled 
with a finite number of elementary algebraic operations, derive the solution 
itself. The cases of exception to this general theorem were considered. The 
theorem includes as a special case one proved by Hélder for the gamma 
function and extended by Barnes in (3) and (5) to the G and double gamma 
functions. It is important as showing that the linear difference-equation of 
the first order gives rise to new classes of transcendents which cannot be 
generated, as are so many functions, by differential equations. 

In (16) he investigated in general the nature of the functions defined by 
linear difference-equations of the first order, considering specially: (i) the 
existence of a solution, (ii) its analytical expression, (iil) its place among 
transcendental functions. Let the equation be written 


b(z) f(z+w) —x(z) f(z) = (2) 


where ¢(z), x(z), and #(z) are assumed to be analytic functions of z. 


This may at once be reduced to two others of simple type: 





file) $(z) (A) 
Si() X(z) 

and fle-+w) f(z) = we fs (2) (B) 
with ae Fa(2) 





Aw 
He then regards (A) and (B) as the two fundamental equations, taking 
¢(z), x(z) and f(z) to be integral functions as studied in (6), (8), and (13). 
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He considers the solutions of these equations under very general conditions, 
and finally deduces the nature of the solution of the original equation. 

In (18) Barnes returned to the asymptotic expansion of integral functions 
defined by Weierstrassian products, which he had considered in (6), (8), 
and (13), but he now approached the subject from a different point of view, 
avoiding dependence on the theory of divergent series and returning to the 
methods used in (2) and (5) to obtain the asymptotic expansions of the simple 
and double gamma functions. The procedure is an application of Pauchy’s 
theory of residues, suggested by an investigation in which Mellin had applied 
it to the case of the simple gamma-function. 

In (19) he continued the study of asymptotic expansions, considering 
now the asymptotic expansions of functions that are defined by Taylor 
series instead of Weierstrassian products. The fundamental procedure is 
based upon the following theorem: suppose that we wish to find an asymp- 
totic expansion when |x| is large for the integral 


jie = e-* fiz) (—2)8-1 dz 


c 
taken round a contour C (as used in the theory of gamma-functions) which 
encloses the origin and embraces an axis drawn from the origin to infinity 
along which R(xz) is positive: f(z) being a function which for values of 
_|z| less than J admits the convergent expansion 





fle) => (2) 
n=0 
Then the integral J admits the asymptotic expansion 
: o 
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Barnes considers various standard types of integral functions defined by 
‘Taylor series, and for each function finds the behaviour at infinity, applying 
his new methods of contour integration so as to get complete asymptotic 
expansions. 

(20), (21), (22), and (23) are developments of (19). In (21) he studied 
specially the case B = 1 of the function 


ice) 
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Xx 
Cele Ore > (n+l) (n+0)8’ 


n=0 
In (22) he applied the investigation given in (19) specially to the functions 
defined when |x|<1 by the Taylor series 


> ain 
A (n+ 0)P 
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This function has a single singularity in the finite part of the plane, at x = 1: 
it is not an essential singularity, but the function is many-valued in its 
neighbourhood. He found its asymptotic expansion, and in the second part 
of the paper obtained analogous theorems for a function which is defined 
when |x|< 1 by an expansion 


co 


os x" x(n+6) 
(n+6)B 


where outside a certain circle, x(x) admits an absolutely convergent expan- 
sion as a series of negative powers of x. 


In (24) he obtained the asymptotic expansion of integral functions defined 
by the generalized hypergeometric series 
(es Oa aie Cre eC nea 
1. piPg..-Py 1. 2. py (P, +1)... (P, +1) 
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and this gave a simple proof of some theorems found earlier by Orr. 


In all Barnes’s papers from (25) onwards he uses integrals in which the 
integrand involves gamma functions of the variable of integration, with a 
path of integration which is parallel to the imaginary axis, with loops if 
necessary. Such integrals had been introduced originally by Mellin, but 
it was from the writings of Barnes that British mathematicians first realized 
how powerful a tool they were. 


In (25) he gave a proof of Abel’s theorem on the binomial expansion for 
a complex variable and complex index, by making use of the integral 


1 i 
= J r(p—s) T(—d) x6 dé = F(x, 5) 


where s and x are complex numbers, and x? is exp(glogx): L is a path of 
integration which is parallel to the imaginary axis and cuts the real axis 
between ¢ = 0 and ¢ = —1 (with a loop, if necessary) so that s lies on the 
left of L. Whatever the value of |x| may be, the integral is convergent for 
all values of s, if |arg x| < 1, and, moreover, is convergent for larg«| = 1 
when R(s) > 0. For s = 0, 1, 2, ..., the integral does not exist. 


Barnes shows, that for all values of x and s, for which |arg x | Sar itand 
Beh pel Dy cs-3y Wr NAVE 1 (lon 5) (—s) (1+«)§, where (1+«)* = 
= exp {s log (1+-x)} and |arg (1-+x)| <7, and that 
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whenever the series is convergent. 
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n (26) he makes use of factorial series of the form 


l'(n—s) 
al (n+1) (n+s)P 





in an asymptotic expansion. 


In (27) he gave a new development of the theory of the hypergeometric 
function, which avoided certain difficulties that are found in the works on 
this subject by Riemann and Pochhammer. He considers the contour integral 


wi [ Tlats) +9) M9) (egg 
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where the path of integration is curved (if necessary) so as to ensure that the 
poles of '(a++s) T(b-++s), namely, s = —a—n, —b—n, (n = 0, 1, 2, ...) lie 
on the left of the path, and the poles of [(—s), namely, s = 0, 1, 2, ..., 
le on the right of the path. He shows that this integral represents an analytic 
function so long as |arg z| << 1, and by the theory of residues it is found that 
when |z| <1, this function may be represented by the series 


iy sai l(b-+n) ce 


V(c+n) n! 





When |z|> 1, the ea can be transformed into the sum of two power- 
series in z_', and thus Barnes obtained the result 





ee LNG Oo 2 ee (—z)"* F(a, l—e+a; 1—b+a; z7*) 


l(b) T(b—a) 
l(b —c) 
when F(a, 6: ¢: z) denotes the hypergeometric series, and | arg(—z)| < 7. 
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In the course of the work the value of the integral 


[Pets) P(e+s) T(B.—s) TBs) ds 
is found in terms of gamma functions; a result often called ‘Barnes’ lemma’. 


In (28) he investigated the Associated Legendre functions P,”(z) and 


Q,"(z) with arbitrary indices n, m, i.e. the solutions of the differential 
equation 


d?y dy m 
] — - —— — —— 
(1 —x?) 42 ax ae n(n-+1) ap 0 


for arbitrary values of n and m, proceeding in much the same way as in the 
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definition of derivatives of arbitrary index. It is first shown, that the integral 
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satisfies the above equation, and likewise J_,,(«). In this the path of integra- 
tion is parallel to the imaginary axis, with loops when necessary in order to 
secure that all positive sequences of poles lie on the right of the path of 
integration, and all negative on the left. By means of this integral the functions 
P,” and Q,,” with arbitrary complex indices n, m, are defined for all values 








of x outside a cut drawn from x = —o to x = +1, and indeed we have 
P.m(a) = — 2) Foe), Qa) = Hla —2) #2, (2)}. 


A great many formulae, particularly various representations of P,” and 
Q,,” by means of hypergeometric series, are obtained by taking the integral 
[,, along a closed path of integration and applying Cauchy’s theorem. In the 
second chapter the asymptotic values of the functions are obtained for n>» and 
m-—> ©, and for various values of x. In the third chapter a generalization of 
Rodrigues’s formula is given, and various recurrence-formulae obtained 
and definite integrals calculated. 


The last work of Barnes’s career as a professional mathematician, (29), 
is a short paper on generalized hypergeometric series. Let 
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the series being convergent when R(8,+ 8,—a%,—a%,—a,)>0, and the 
function being defined to be the analytic continuation of the series when the 
inequality is not satisfied. Then it had been shown many years before by 
Thomae, but was now shown much more briefly and elegantly by Barnes, 
that 
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The utility of the result depends on the fact that one of the series may be 
rapidly convergent while the other converges very slowly. 

Barnes was elected a Fellow of the Royal Society in 1909. 

His father, Mr J. S. Barnes, was a Baptist, active in Church work: but 
Ernest, when a boy of about fifteen at King Edward’s school, joined the 
Anglican Church. In 1902 he was ordained, and from 1906 to 1908 was 
Junior Dean of Trinity. In 1915 he left Cambridge, when, on the nomination 
of Mr Asquith’s government, he was appointed Master of the Temple. 
In the following year he married Adelaide Caroline Theresa, only daughter 
of Sir Adolphus W. Ward, Litt.D., F.B.A., Master of Peterhouse. In 1918 
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he was nominated by the Prime Minister, Mr Lloyd George, to a Canonry 
of Westminster, and in 1924, by Mr Ramsay MacDonald, to the Bishopric 
of Birmingham. He was a Select Preacher at both Cambridge and Oxford 
on many occasions. 

His appointment to high office in the Church brought to an end his life 
as a professional mathematician. In 1933, however, he published a volume 
of Gifford lectures delivered in the University of Aberdeen, under the 
title Scientific theory and religion: the world described by science and its spiritual 
interpretation. The science which is expounded in this book is not, however, 
that branch in which he was an acknowledged master, namely pure mathe- 
matics, but a number of different branches, some of which he must have 
learnt late in life: for two of the most important of them had been discovered 
only about the time when he exchanged Trinity for London, and much of 
the information given is of a date more recent than his elevation to the 
episcopal bench. One cannot but marvel at the ability and industry which 
had enabled him, in the intervals of his duties as a Bishop, to become 
acquainted with such an immense field of new knowledge. 

He received the honorary degree of D.D. from the Universities of Aberdeen 
and Edinburgh, and the honorary degree of LL.D. from the University of 
Glasgow. 

In 1952 he retired, on account of ill-health, and on 29 November 1953 
he died. He was survived by Mrs Barnes and two sons. 

My grateful thanks are due to Mrs Barnes, to Dr Stanley Barnes, and to 
Professor W. N. Bailey, for much help in the preparation of this Notice. 


Epmunp T. WHITTAKER 
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RICHARD HIGGINS BURNE 
1868-1953 


RicHARD Burne was elected to the Royal Society in 1927 because of his 
eminence as a comparative anatomist and biologist; he died in a nursing 
home, at Godstone, Surrey, on the morning of 9 October 1953, being in 
his 86th year. He was born at 122 Gloucester Terrace, London, W.2, on 
5 April 1868. His father, Richard Higgins Burne, was a successful solicitor 
at No. 1 Lincoln’s Inn Fields, London, W.C.2; his mother, Mayaretta 
Louisa Burne, was a distant cousin of his father. With the death of his elder 
brother Tom, in 1886, at the age of twenty, our Richard became an only 
child. All members of his ancestry were of pure English stock, being pros- 
perous members of the professional or land-owning class. His father’s people 
came from Staffordshire (Loynton Hall, near Newport), while his mother’s 
people, for three generations, had been members of the medical profession 
in London. None of his forbears could claim a place in science; a niece of 
his father, Charlotte Sophia Burne, became the first woman President of the 
Folk-Lore Society. Richard’s maternal grandmother was a daughter of 
Dr Henry Ford, Professor of Arabic at Oxford and Principal of Magdalen 
Hall. Dr Ford’s wife was a niece of Dr John Butler, Bishop of Oxford, later 
of Hereford. 

On 10 January 1893, when 24 years of age, Richard Burne married his 
first cousin, Louisa Joan Burne, the only child of his mother’s brother, the 
Rey. John Butler Burne, vicar of Aldermaston and later rector of Wasing, 
Berkshire. The marriage was celebrated at St Nicholas Church, Wasing. 
There were three children of this marriage—Margaret Elizabeth, Thomas 
Oldbury and John Richard. His daughter Margaret, in 1922 wrote a novel, 
published by John Murray, in which she gave a description of the pleasant 
social life in England before the First World War, and at the same time 
drew a very sincere and vivid portrait of her father. Of his two sons, the 
elder, Thomas, was killed in the closing phase of the First World War, 
a loss which was keenly felt; the younger, John Richard, passed into the 
Royal Artillery but subsequently transferred to the Royal Army Pay Corps. 
When he died Richard Burne had five grand-children; a great-grandson 
had also arrived. 

Burne had a happy childhood, much of it spent in a country home 
established by his father in Kent. In his ninth year he went to an excellent 
Dame school at Frant, near Tunbridge Wells, kept by a Mrs Adams and her 
two daughters. The scholars had the run of Eridge Park which served them 
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as a nature reserve; they were encouraged to observe flowers and make 
drawings of them. From the Dame’s school he went to a preparatory school 
at Twyford, near Winchester, kept by the Rev. Latham Wickham. The 
education there was of the regulation classical type. Mr Wickham confined 
his scholars to the playground except for a formal walk on Sundays; nature 
lessons were unknown. Nevertheless, Burne tells us in his narrative, 
‘I managed to start a collection of Lepidoptera. I can remember catching 
stag-beetles and keeping them from escaping by making them bite into 
a piece of soap.’ 

On leaving Twyford he went on to Winchester School, to E. J. Turner’s 
house where his elder brother then was. There was a Natural History Society 
which for some reason did not appeal to him; but all the same he went on 
with his collection of insects. It was at this time he became interested in 
microscopic work, especially as an aid to his study of insects. ‘The book which 
attracted him to microscopy and became the basis of his histological enquiries 
was Hogg’s book on the microscope.* Also Mr W. B. Crofts, one of the 
masters at Winchester, gave him advice and practical help in the manage- 
ment of his microscope. At Winchester, however, in his time, there was no 
regular teaching in science, until the end of his years there (1885) when 
a man of very forceful personality, Mr Le L. Garbutt, came as science master 
and gave a course in chemistry. This course, which included practical work, 
appealed to Burne with a result which greatly surprised him—he was 
given a prize at the end of the course. 

In 1886, at the age of eighteen, Burne entered Oriel College, Oxford, 
as a commoner. It was then he lost his elder brother Tom, who had preceded 
him both at Winchester and Oxford. After passing Moderations, it was 
decided that he should try for an honours degree in some scientific subject, 
and as chemistry was the only subject he had had any training in, he chose 
that. At the end of two years, under the tutorship of Mr Fisher, he took 
a third class in honours and graduated B.A. in 1889. Some years later he 
proceeded to the M.A. degree. He had no skill nor aptitude for ball-games, 
but during his time at Oxford he was in the Oriel VIII. 

Burne was a man of extreme modesty and diffidence in his own ability, 
waiting for guidance in life to the suggestions which came from without 
rather than to any inspiration which might arise from his experience. 
Hence on his return from Oxford in 1889 there was a family debate (his 
father having died in 1882, at the age of 57) at his home in London as to 
what his next step should be, his source of income being assured. It so hap- 
pened at this juncture that his uncle, at some public dinner, had as his neigh- 
bour Sir William Flower (1831-1899), then Director of the Natural History 
Museum, who, on being questioned, suggested that young Burne, having 
a taste for natural history, should take a course in practical zoology and so 
qualify as a candidate for a post in the National Museum. This advice 


* The microscope, 1854. Jabez Hogg (1819-1899), M.R.C.S. (1850), Surgeon to Westminster 
Ophthalmic Hospital. 
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was accepted, and, with this object in view, Burne went to the Royal College 
of Science and took the course in zoology under Professor George B. Howes 
(1853-1905) who, in 1885, had succeeded to Huxley’s post. At this time 
Howes had an enterprising and able demonstrator—Martin F. Woodward; 
Burne worked under the personal guidance of Howes and Woodward and 
at the end of the course, duly passed the regulation examination. 

Professor Howes was keen on research; besides carrying on his teaching 
and his own morphological enquiries, he gave every encouragement to his 
pupils to follow in his footsteps. He perceived that Burne had uncommon 
delicacy of fingers and that his modesty hid a real and uncommon ability. 
Hence he invited his new pupil to stay on in his laboratory and put him on to 
several minor pieces of research.* Professor Howes was also building up a 
museum at this time; Burne helped in making preparations for it. Burne was 
also a skilled draughtsman. 

At this time Professor Charles Stewart (1840-1907) was Conservator 
of the Museum of the Royal College of Surgeons of England and had just 
begun a very heavy task, the preparation of a new catalogue of the great 
collection wherein Hunter had sought to demonstrate the manner in which 
life-processes are carried out in all living things. There were over 3700 
beautiful dissections by Hunter and his assistants preserved in spirit, illus- 
trating, for example, how circulation is carried on in various orders; and so 
for many other systems such as respiration and locomotion. Never was such 
a rich series brought together as that in which Hunter sought to illustrate 
the diverse methods of propagation and organs of reproduction. The testes of 
the London sparrow and of the mole were shown at all stages of the sexual 
season. ‘Adaptation’ was the favourite subject with Hunter; in his Phystological 
Series, he had illustrated the manner in which the animal body was modified 
for creeping, walking, leaping, swimming, flying, etc. It was on this 
Physiological Series that Richard Owen spent twenty of the busiest years of his 
life in tracing the histories, identifying and giving descriptions of specimens 
left uncatalogued by Hunter. In 1892 Professor Stewart had undertaken to 
prepare a new catalogue and had mentioned to his friend Professor Howes 
his need of an assistant. Burne was warmly recommended, and so it came 
about that, in the summer of 1892, Richard Burne was given the minor 
post of anatomical assistant in the Museum of the Royal College of Surgeons 
of England. The Physiological Collection was then housed in two large rooms, 
known as Rooms IV and V. Little did Burne think, as he viewed the contents 
of these rooms in 1892, that his life’s work lay in front of him. 

It was during the time he began his work under Professor Stewart that 
I made the acquaintance of Richard Burne. In those days Professor and Mrs 
Howes kept open house on Sunday afternoons and evenings for special 
pupils in particular and for young adventurers like myself who found London 


* At the end of this-article is a list of Mr Burne’s publications. Those numbered (1) and (2) are 
vaccounts of the pieces of research he did at this time. The numbers which occur in my text refer 
to the list of publications. 
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cold and lonely. Those happy meetings at the home of the Howes near 
Turnham Green brought J. P. Hill, Burne, myself and many others together. 
At that time Burne was very fully occupied at the Museum of the Royal 
College of Surgeons. He found the scheme drawn up for a new catalogue 
of the Physiological Series was ambitious and far reaching. The descriptions 
of the specimens by Sir Richard Owen, which formed the first edition of the 
catalogue had to be checked and, where necessary, revised. Many blanks in 
the series, especially that which illustrated the development of the nervous 
system of invertebrates had to be made good by the preparation of new 
dissections. The preparation of such specimens fell to Burne’s share of the 
work. Professor Stewart was a man of strong artistic tastes; he valued a 
specimen more for its artistic than from its illustrative qualities; he had high 
manual skill. The older and the younger men were alike in their outlook, 
ability and tastes. It was a most successful partnership. 

At first his contributions being of a malacological nature went to the 
Malacological Society, but with the coming of the 20th century his flow 
of papers began to go to the Zoological Society, most of his communications 
arising out of dissections made for the Royal College of Surgeons Museum. 
He threw himself more and more into the work and welfare of the Zoological 
Society as time went on. He was elected to its fellowship in 1890, served 
on its Council for six terms, held the office of Vice-President on two occasions; 
for sixty-three years he was a Fellow of the Zoological Society. 

In no sense was Burne a specialist; he was equipped to investigate all 
macroscopic animal forms; his friend Martin Woodward was a keen student 
of the Mollusca and through him he did make some special studies of the 
lamellibranchs. For this reason he was asked to write the report on the 
lamellibranchs collected during the Terra Nova expedition (27). Most of 
his papers were occasioned by the particular section of the museum on which 
he was engaged such as those dealing with the olfactory organ of fishes 
(21, 24), the anatomy of the membranous labyrinth in sharks, a subject in 
which John Hunter had been interested, the connexion between the swim- 
bladder and ear in fishes, and the comparative anatomy of the internal ear 
of vertebrates (28, 29, 31). He made his observations on the membranous 
labyrinth the subject of three advanced lectures given under the aegis of the 
University of London in 1912 (29). In his earlier years he was handicapped 
in lecturing by a stammer; in his later years this almost disappeared. Three 
of his more important papers appeared in the Philosophical Transactions 
(37, 41, 42). In the third of these, he demonstrated the presence in the cod 
of an undescribed system of ‘fine’ vessels, serving a function which is still 
obscure. In the two others he deals with peculiarities in the blood vascular 
system of the porbeagle shark and with the ductless glands and lymphatic 
system of the angler fish. He collaborated with Professor J. P. Hill in an 
important paper on the foetal membranes and placentation of Chiromys 
madagascariensis (36). He also made many communications to the Anatomical 
Society of Great Britain and Ireland, of which Society he became a member 
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in 1896. A comparatively recent communication is that which he gave to 
the Zoological Society in 1939, on the stomach, intestine, liver and pancreas 
of the okapi (43). 

Late in 1907 Professor Stewart died at the age of sixty-seven and the 
office of Conservator of the Museum of the Royal College of Surgeons of 
England thus became vacant. Richard Burne had a definite claim to the 
office and he and I were among the candidates for the post. The Council 
of the College ultimately decided in my favour, but this never interrupted 
the friendship which Burne had so constantly shown me; we worked together 
in complete harmony but I admit that was more due to his native merit 
than to any natural quality in me. He accepted the post of Assistant Con- 
servator and held it until 1912. He then begged to be relieved of his routine 
duties and so be in a position to devote all his time and energy to the Physio- 
logical Collection. The post of Physiological Curator was created for him 
and this he held until 1934, when at the age of sixty-six he asked the Council 
to relieve him of his curatorship. I am revealing something of a secret when 
I mention that on becoming Physiological Curator he offered to forgo his 
salary if Council would add it to the Conservator’s emoluments. This 
generous thought was rightly turned down; Mr Burne received a 
‘honorarium’ in place of his former salary. The Council of the College 
recognized the great service Burne had rendered to its Museum, and in 
1925 made him the recipient of its Gold Medal—a rare award. When he 
retired in 1934 the Council gave him its thanks for the great services he had 
rendered to its Museum and asked him to accept a gift to be spent on a piece 
of plate or in what way he might choose. He chose to spend it on a cruise 
for Mrs Burne and himself to Greece. Like so many English people who have 
inherited wealth he was generous in all forms of gifts save those spent on 
self; as to these he may be said to have been mean. 

On his retirement from the College Burne gave his voluntary services 
to the Institution he had prepared himself for at the out-set of life—the 
Natural History Museum, South Kensington. His connexion with the Natural 
History Museum was commemorated in 1952 by the publication of a 
Handbook of Cetacean Dissections (44) carried out in the years of his retirement. 

Also characteristic of him were the form his public services took in the 
1914-18 war. For a time he acted as special constable and then for some 
seven months served as a driver of an ambulance attached to the French 
Army on the Belgian front. He came home to join the Inns of Court Volun- 
teers and worked three days a week as an unskilled labourer in Messrs 
Vickers factory at Erith. As has been already noted he lost his elder son in 
the closing phase of the war in the spring of 1918. He found his chief recreation 
in driving along country lanes in his family car. 

Mrs Burne having died in 1945 and his two children married with 
houses of their own, Richard Burne, as he reached the ‘eighties’ made a home 
at Limpsfield, Surrey, to be near the home of his daughter, Mrs Margaret 
Turner. In 1937 he was elected a Hunterian Trustee and continued to attend 
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meetings at the Royal College of Surgeons of England, but his fellow- 
trustees could not help observing that although he retained his happy con- 
tented disposition he was finding his way about with difficulty for his sight 
was going and his step had lost its spring. About a year before his death he 
became completely blind and his muscles had lost their strength, but we 
who had the privilege of seeing him in a nursing home at Godstone, found 
in him the same gentle sense of humour, the same forgetfulness of self, the 
same happy spirit we had found in him in the days of his youth. He died 
in his sleep, his daughter being with him. A memorial service was held at 
St Peter’s, Limpsfield, on 12 October 1953, cremation taking place on the 
same day at Croydon. 

As has already been noted, Mr Burne was a fellow of the Zoological Society 
from 1890 to 1953—a period of 63 years; he was connected with the Royal 
College of Surgeons of England from 1892 to 1953—a period of 61 years. 
In 1912 he joined the Linnean Society serving on its Council for three terms 
and as its Vice-President in 1925-26. At one time he served the Malacological 
Society as its secretary. He worked for the Society for the Preservation of 
the Fauna of the Empire and for the Marine Biological Association as well 


as for the Museums Association. 
ARTHUR KEITH. 
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EDWARD PROVAN CATHCART 
1877-1954 


EDWARD Provan Cartucart died at his home in Glasgow on 18 February 
1954, seven years after his retiral from the Regius Chair of Physiology in the 
University of Glasgow. His death has removed a well-known personality in 
academic circles in Scotland, a scientist of international reputation devoted 
in the broadest sense of the term to the study of his fellow men, and a man 
whose human sympathies and understanding had an influence on his 
associates which can hardly be over-estimated. 

E. P. Cathcart was born on 18 July 1877 in the town of Ayr. His forbears 
were practical people interested in agriculture and commerce, and in iron 
and steel. His father, Edward Moore Cathcart, was a merchant in the town 
of Ayr; his mother was the daughter of a rivet and bolt manufacturer whose 
home was at Invereck, near the village of Kilmun on the Firth of Clyde. 
His father died at the early age of 37, when Cathcart was only nine, and he 
with a younger brother and sister were brought up by the widowed mother. 
She, in addition to being a very good amateur painter who had gained 
several awards at the Glasgow School of Art, was in many ways a woman of 
intellectual attaimment and personality. Cathcart’s great affection and 
respect for her were obvious to all who came into close contact with him. 
Indeed, he was wont to acknowledge that, in his early life, he owed virtually 
everything to her self-denial and encouragement, and, during the many 
years that he worked in Glasgow, it was very rarely that he omitted 
from his daily routine a brief visit in the evening to his mother’s flat. She 
lived to the age of eighty-nine. 

Cathcart gained his school education at Ayr Academy, one of the oldest 
schools in Scotland. In the secondary division of this school, he was placed on 
the classical side, more, he records, because it was the customary trend of the 
school than from any special choice of his own. He frequently remarked that 
he had few pleasant memories of his school-days until his final school year; 
that he mixed little with the other scholars and took little or no part in games. 
To those who knew him in later life the first seems incongruous, since one of 
his most striking attributes in adult life was an approachability and a 
capacity for friendliness towards all with whom he came in contact. It is, 
however, true that though not uninterested in sport and athletics, his interest 
was always that of the onlooker and it was a matter of comment that, in spite 
of little personal participation in the customary forms of physical exercise, 
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he yet retained until the last few years of a long life a most enviable degree of 
lean energy, vigour, and physical fitness. 

Though he qualified for entrance to a Scottish University in 1894, Cath- 
cart remained at Ayr Academy for an additional year, a year which he 
admitted he enjoyed and one which was the most influential of his scholastic 
period. During this year, in addition to the pursuit of English and of Modern 
Languages, one of the science masters of the school who, perhaps, had the 
perspicacity of a real ‘careers master’, gave him privately an intensive course 
in theoretical and practical inorganic chemistry. To this teacher Cathcart 
gave great tribute, not only for introducing him to the realms of science in 
general and chemistry in particular, but for teaching him ‘how to work’. 

Having entered Glasgow University in 1895, Cathcart graduated M.B., 
Ch.B., in 1900. His undergraduate career was good though not marked by 
outstanding brilliance except in the subjects of obstetrics and gynaecology 
and, for a short time during his immediate post-graduate career, he dallied 
with the idea of specializing in gynaecology. Any lack of sociability which he 
may have displayed at school must have disappeared with adolescence, for he 
took an active part in the administrative side of student activities, being 
a member of the Board of the Students’ Union, a member of the executive 
of the Students’ Representative Council and, in his final year, he was elected 
President of the University Medico-Chirurgical Society. The potentialities 
of an enquiring mind showed in two small investigations, carried out as an 
undergraduate in the Department of Forensic Medicine, on the guaiac test 
and on occupational callosities of the hands, some of the results of which were 
incorporated in Glaister’s Text-book of forensic medicine. 

The academic teachers who influenced him most were, however, Ralph 
Stockman who inculcated in Cathcart, as in many others, the spirit of 
scientific doubt; and Sir Robert Muir, who aroused in him an interest in 
bacteriology. The latter influence was the starting-point of Cathcart’s 
scientific career since, in 1901, after a little over a year in hospital posts, he 
set off to Buchner’s laboratory in Munich. At that time the Munich Institute 
of Hygiene was in the temporary charge of Martin Hahn and Hahn allowed 
Cathcart time off to attend the course in human metabolism by Carl Voit, by 
then an old but still very active and stimulating teacher. Later Hahn 
encouraged Cathcart to study chemical pathology under Salkowski in 
Berlin, where he spent a year partly in attendance on Salkowski’s training 
course and partly on research. These experiences in Munich and Berlin and 
particularly the influence of Carl Voit, were undoubtedly the original 
stimuli for a career which, devoted in its earlier years to the study of protein 
metabolism, widened gradually to a consuming interest in the effect on man 
of his whole environment. 

Returning to Britain in 1905, Cathcart secured a post first as Research 
Scholar and later as Junior Assistant under Hedin at the Lister Institute. 
The three years spent at the Lister he regarded as of great value to his 
subsequent development. He records how greatly he benefited from Hedin’s 


Edward Provan Cathcart B37 


tedious but salutary axiom that each experiment ought to have ten controls. 
His researches at the Lister provided the material through which he gained 
the M.D. of his own university with the highest honours. And, perhaps most 
significant of all, his appointment at the Lister brought him into association 
with J. B. Leathes whose work at that time on uric acid metabolism immedi- 
ately aroused the sympathetic interest of one who had so recently come under 
the spell of Carl Voit. 

Meantime, the importance of biochemistry as a special branch of physi- 
ology, already well appreciated in Germany, was gaining recognition in 
Britain. The first Chair of Biochemistry had already been instituted at 
Liverpool and, in Glasgow, a legacy from a former medical graduate had 
enabled the establishment in 1905 of the Grieve Lectureship in Physiological 
Chemistry. To this lectureship, Cathcart was appointed as the first incum- 
bent, taking up duty on his return from the Lister in 1906. He remained in 
this post until 1915 when he was appointed Professor of Physiology in 
the University of London, attached to the London Hospital Medical School. 

His period as Grieve Lecturer, almost a decade, was marked by the 
appearance of a large number of contributions, both personal and with 
collaborators, relating to various aspects of protein metabolism. It also 
included two periods of leave for foreign study, the first in 1908 
when he spent five months with Pavlov in St Petersburg, and the second 
in 1912, when he was granted a year’s leave to become a research assistant 
with F. G. Benedict at the Carnegie Institution of Washington in Boston. 
This period in Boston not only introduced him, through investigations into 
energy metabolism, to a new line of research but offered many opportunities of 
discussing with Otto Folin problems of mutual interest in protein metabolism. 

Cathcart left Glasgow to take up his appointment at the London Hospital 
when the first World War had just entered upon its second year and, for the 
next four years, all but teaching duties gave way to war service. Commissioned 
originally in 1908 as an officer in the Glasgow University Officers Training 
Corps, of which he was for several years Commanding Officer of the Infantry 
Unit, Cathcart was transferred in 1915 to the R.A.M.C. for anti-gas duties, 
later becoming Deputy Director Anti-gas Services, Home Forces. In 1917, 
he was transferred to the personal staff of the Director-General Army Medi- 
cal Services, with the rank of Lieutenant-Colonel, for special work in 
connexion with the feeding of the army. 

His stay in London lasted for four and a half years. In 1919, through the 
generosity of William and Frederick Gardiner, shipowners in the city, 
Glasgow instituted the Gardiner Chair of Physiological Chemistry and 
Cathcart was invited to become the first incumbent of the chair. Nine years 
later when Noel Paton resigned in 1928, Cathcart was translated to the 
Regius Chair of Physiology which he held until his retiral in 1947. His transfer 
to the Regius Chair was a natural and expected event. It introduced no 
conflict to interests which had for long been more physiological than bio- 
chemical. 
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The long period of Cathcart’s association with Glasgow witnessed not 
only a phenomenal development in the sciences of physiology, biochemistry 
and nutrition, but also an impressive growth of his university. In both, 
Cathcart was an outstanding figure. His services to his university were 
manifold and diverse. In the administrative affairs of his university, he held 
many offices; indeed, it is difficult to think of any major development of his 
period in which he did not take a formal or informal part. 

He represented his university on the General Medical Council from 1933 
to 1945 and during his membership served on many of its committees, 
including the Executive Committee. When he resigned in 1945, the President 
said of him in his presidential address: ‘We shall miss a most charming and 
engaging personality who, by his humanity of outlook and sense of humour, 
endeared himself to all his colleagues on the Council. Our proceedings in 
every department of our activities will be sadder for his absence.’ 

A real genius for friendship was one of Cathcart’s greatest gifts and the 
geniality of his temperament and his kindly way with students made him 
much sought after as an external examiner. At one time or another, he acted 
in this capacity to the universities of Aberdeen, Cambridge, Durham, London, 
Oxford, St Andrews, and Wales, and also to the Royal College of Veterinary 
Surgeons. 

Cathcart’s abundant contributions to medical science, many arising from 
- investigations carried out in laboratories abroad, early brought him an 
international reputation and there were few important centres of physio- 
logical teaching and research in Europe or America in which he was not 
personally known. He was elected to membership of the Physiological 
Society at the annual meeting of 1904. Among those elected at the same 
meeting were Dean, Plimmer, and Lewis, later Sir Thomas Lewis. He was 
also a member of the Biochemical Society. In 1922, he was President of the 
Physiology Section of the British Association when he delivered a presidential 
address on ‘Physical fitness and the factors which influence it.’ In 1931, he 
presided over the Pathology and Biochemistry Section of the British Medical 
Association when it held its annual meeting at Eastbourne. He was elected 
to the Royal Society in 1920 and served on the Council from 1930 to 1933. 
He became a Fellow of the Royal Society of Edinburgh in 1932, and, in 
1948, one of the Society’s Vice-Presidents. In 1937, under the auspices of the 
British Medical Association, he gave the Sir Charles Hastings lecture, 
choosing for his subject ‘Food and nutrition’ and delivering an address which 
admirably fulfilled the intentions of the founder. In 1940, he was invited 
by the Royal College of Physicians of London to give the Oliver-Sharpey 
lectures, the subject of these lectures being “The mystery of alimentation’. 

In 1939, Cathcart was honoured by election as an Honorary Member 
of the Canadian Medical Association and, in 1949, by election to the 
Honorary Fellowship of the Royal Faculty of Physicians and Surgeons of 
Glasgow. The University of St Andrews bestowed upon him an LL.D. in 
1928, as also did his own University on his retiral. 
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Cathcart’s special interest in the practical applications of his science, 
particularly in the sphere of nutrition, coupled with the soundness of his 
judgment, led to a demand for his services on many Government Com- 
mittees. Most of these appointments were intimately associated with his 
researches and are best considered in that connexion. For his public services 
he was, in 1924, awarded the C.B.E. By honours, however, he set little store 
except in so far as they reflected the goodwill of his colleagues, and many 
of his intimate friends had shrewd suspicions that other honours were offered 
but declined. 

In 1913, Cathcart married Gertrude Dorman Bostock, daughter of Henry 
Bostock and Alice Susannah Marson, Stafford. His wife was a graduate 
of Glasgow University both in science and in medicine, and had been a 
research worker in the laboratory of physiological chemistry for four years 
prior to the marriage. She was the author of a number of scientific papers 
and also of a First book of physiology and hygiene which ran through many 
editions. Cathcart’s marriage brought him much happiness both in academic 
and in domestic life. His staff and research workers were almost as well known 
to Mrs Cathcart as they were to him and she was a kindly and sympathetic 
hostess and friend on the numerous occasions on which they were invited 
individually or in parties to the Cathcart home. There are three daughters 
of the marriage: Margeth Alice; Agnes Elizabeth Dorman; and Catherine 
Provan. All three qualified in medicine and one, the second, specialized in 
obstetrics and gynaecology. All are married, the eldest to a member of the 
dental profession, the second to a urologist, and the youngest to a District 
Commissioner in Kenya. All three have now young families. 


Research 


Cathcart’s working life as personal investigator and also as a director of 
scientific investigation by others falls naturally into four main periods, each 
following as an evolutionary consequence of the preceding and together 
making a readily recognizable whole. 

The first period comprised his early post-graduate work in Germany and 
in the Lister Institute. Though initially directed towards bacteriology, this 
period led, through the stimulus of Carl Voit and his association with 
Leathes, to a diversion of his interest to physiological chemistry and, in 
particular, to problems of protein metabolism. The second period was 
initiated by his work with Benedict in Boston, an experience which widened 
his interests to the consideration of the energy requirements of the body and 
ofmetabolic requirements in general. 

The third period, which stemmed from these new interests, began with his 
investigations in 1917-18 and in the immediate post-war period into the 
energy requirements of the soldier. Coupled with his later membership 
of the Medical Research Council and especially of its Nutrition Committee 
and also his Chairmanship of the Industrial Health Research Board, his 
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investigations on the soldier stimulated inquiries into the physique of 
civilian industrial workers and the dietary habits of diverse sections of the 
community. 

In the fourth and last period, springing almost certainly from his chair- 
manship of the Scottish Health Services Committee, we find Cathcart’s 
interests broadening still further to a consideration of the welfare of the 
community at large. This final period was marked by an interest less in 
nutrition as such than in the factors leading to good physique, and in educa- 
tion in general. With this summary as a general background, the details of 
his multifarious contributions as an investigator may perhaps be better 
appreciated. 

Following upon a year or so of post-graduate hospital appointments, 
Cathcart spent the better part of two years in Germany where, under the 
tutelage of Hahn and Salkowski, he published papers on the reducing powers 
of bacteria and on the metabolism of glucosamine and chitosamine. The 
main influence of this period, however, was his attendance upon Carl Voit’s 
course on human metabolism. 

When he returned to Britain in 1903 to the Lister Institute, he produced a 
number of papers on bacteriological subjects and also an investigation into 
the anti-tryptic action of blood-serum. The latter he submitted for the 
Glasgow M.D. and was awarded the degree with honours and a Bella- 
_-houston Gold Medal for the special merit of his thesis. Of much greater 
significance on his subsequent career was his association at the Lister with 
Leathes who, interested initially in the diurnal variation in the output of uric 
acid, had already made a number of investigations into the effect of febrile 
conditions on the excretion of uric acid. In Cathcart whose enthusiasm for 
protein metabolism had already been fired by Voit, Leathes found a 
sympathetic and willing collaborator and together they pursued inquiries 
into the effect of artificial lowering and raising of the body-temperature 
on the excretion of this substance. Together also, they published an experi- 
mental investigation in animals which added evidence to the subsequently 
universally accepted view that proteins are absorbed as amino-acids. 

On his return to Glasgow as Grieve Lecturer on Physiological Chemistry, 
Cathcart pursued his interest in protein metabolism by a starvation study 
upon Beaute, a “‘Hungerkunstler’. Though by no means the first of such 
studies, his investigation of Beaute remains a classic for the special care 
devoted to the investigation not only during the starvation period but also in 
the pre-starvation régime and in the period of recovery. The accounts of this 
study, coupled with his investigations with Leathes on uric acid formed the 
substance of a thesis successfully submitted in 1908 for the D.Sc. Degree of 
his university. 

Cathcart’s investigations with Leathes and his own work on Beaute 
formed the first of a long series of inquiries, extending over the next fifteen 
years, into various aspects of protein metabolism and more especially, the 
effect on protein metabolism of altering the intensity of the concomitant fat 
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and carbohydrate metabolism. In much of this work he acted both as 
investigator and as subject. It was a period of great enthusiasm and activity 
during which he attracted to ‘his laboratory post-graduate workers from a 
variety of sources, many of whom have since attained eminence in their own 
fields. Among them were J. B. Orr (now Lord Boyd-Orr) who shared in some 
of the investigations of the effect of carbohydrates and fats on protein 
metabolism and Graham Brown who participated in researches devoted to 
creatine in relation to muscular activity, then an engrossing problem to many 
physiological chemists. 

Cathcart’s train of researches on protein metabolism was interrupted by 
two periods of overseas study. In 1908, he was granted leave of absence to 
work with Pavlov in St Petersburg. There he spent five months at a time when 
Pavlov had just begun his research work into conditioned reflexes, and 
Cathcart was thus fortunate to be in at the start of a new line of research 
which was to become of far-reaching importance. It is probable that this 
initiated the interest in behaviouristic psychology which Cathcart retained 
as a side-line for the rest of his life. His period with Pavlov also offered 
opportunities of animal operative technique of which he had previously 
comparatively little experience, and he was particularly proud of one of the 
statements in his testimonial from Pavlov which testified to his skill as an 
operator. When he left St Petersburg, Cathcart had still some weeks of leave 
in hand, and these he employed in an excursion to Moscow, Nijni-Novgorod, 
down the Volga to Astrakhan and thence to Baku, Tiflis, Batum, Constan- 
tinople, Smyrna, Athens, and Belgrade. Though it provided no professional 
experience, he set great store by the general educational value of this 
tour. 

On his return to Glasgow, Cathcart utilized the Pavlov technique for 
investigations into the existence of a prepyloric sphincter in the stomach and 
of the reflux from intestine to stomach, and he published three reports on such 
problems. It was characteristic, however, that animal experimentation made 
no great appeal to him. Indeed, he was on occasion violently critical of what 
he considered the indiscriminate application of animal experience to human 
physiology; he was much more attracted by experiments on the ‘whole man’. 
Thus, though the ‘Pavlov dogs’ were a great source of interest in the Glasgow 
laboratory at that time, the results they provided were only interludes in the 
main train of inquiry into protein metabolism which continued as Cathcart’s 
chief interest. 

In 1912, there appeared, in the well-known series of Monographs on Bio- 
Chemistry, the first edition of Cathcart’s Physiology of protein metabolism. This was 
an“encyclopaedia of the knowledge of protein metabolism then existing. On 
the fly-leaf of this monograph appears Occam’s razor: ‘Entia non sunt 
multiplicanda praeter necessitatem.’ Cathcart boasted a life-long addiction 
to this axiom, an attitude of mind which, coupled with his scepticism about 
the validity of any but the most cautious application of the results of animal 
experiment to man, explained his highly critical attitude towards much of 
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the earlier experimental work on the vitamins. In many respects, subsequent 
events justified his scepticism. 

In 1912 Cathcart was given a second period of leave of absence to accept a 
Research Associateship at the Carnegie Institution in Boston. There he 
worked under F. G. Benedict. The immediate result of that year’s work was 
the classic Carnegie Institution Publication of 1913 on Muscular work: a metabolic 
study with special reference to the efficiency of the human body as a machine. 
In addition to leading to the production of an outstanding contribution 
in this particular field of physiological knowledge, Cathcart’s association with 
Benedict introduced him to the energy aspect of metabolism and thereby 
to an enhanced interest in the quantitative requirements of the body in 
general, an interest which coloured the whole of Cathcart’s subsequent career. 

Returning to Glasgow from the U.S.A. in 1913, Cathcart resumed his 
researches on protein metabolism while, at the same time, constructing 
apparatus designed on Benedict lines for the determination of the energy 
metabolism by closed-circuit methods. Before much progress had been made 
with this apparatus, he had left Glasgow to take up the Chair of Physiology 
at the London Hospital Medical School. In any event, the closed-circuit 
apparatus with its forced immobilization of the subject was ill-adapted to the 
type of energy-exchange investigation in which Cathcart later became so. 
recognized an authority, and all his work on energy expenditure was done 
~ with the Douglas-Haldane technique. 

Cathcart’s four and a half years in London, apart from the teaching duties. 
of his Chair, were entirely devoted to the service of his country in the war 
effort, first in the anti-gas services and later on the personal staff of the 
Director-General Army Medical Services for special work in connexion with 
the feeding of the army. In addition, he served as a member of the Food 
(War) Committee of the Royal Society, that group of physiologists, biochem- 
ists, agriculturists, and statisticians who advised the Government on the 
production, importation, and equitable distribution of food supplies when, 
by 1917, the loss of shipping had made the position of the country’s food 
situation literally desperate. 

Demobilization and a change of post came simultaneously for, in 1919, 
Cathcart returned to Glasgow to become the first Gardiner Professor of 
Physiological Chemistry. In the same year, he was appointed one of the two 
civilian members of the Army Hygiene Advisory Committee. This Committee 
dealt with the optimum load to be carried by the soldier, the improvement 
of his clothing including the now familiar “battle-dress’, the living conditions 
of barracks and, indeed, the soldier’s environment in the broadest sense of the 
term. Cathcart was no mere adviser on this Committee; he was notably an 
investigator who furnished it with scientific data especially in questions of 
energy expenditure. To this end, during his first few years as Gardiner 
Professor, many investigations were carried out under his direction at 
Glasgow by specially detailed officers of the R.A.M.C. on the metabolic cost 
of marching and load-carrying under army conditions, using the Douglas 
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bag technique. The results of these were published in a series of reports 
which appeared in the Journal of the Royal Army Medical Corps. 

Parallel with this utilitarian research, Cathcart stimulated his university 
assistants and others who had come to work under him to carry out investiga- 
tions of a similar but somewhat more academic character. In consequence, 
there appeared between 1919 and 1927 numerous papers in the Journal of 
Physiology and elsewhere on basal metabolism; on various aspects of muscular 
activity such as the energy cost of positive, negative, and static work; on the 
influence of speed of working on efficiency; on the energy costs of various 
everyday tasks; and on the energy cost of work on various dietary régimes. 
Almost the last of the investigations of this period were those carried out in 
1927 with Markowitz on the immediate effect on the respiratory quotient of 
the ingestion of various sugars, an inquiry which emphasized incisively the 
danger of an oversimplified metabolic interpretation of this arithmetical 
ratio between carbon dioxide production and oxygen utilization. 

Meantime, Cathcart had been appointed in 1924 a member of the Medical 
Research Council and a member of its Committee on Human Nutrition. 
Three years later, he was appointed a member, and shortly afterwards 
became Chairman, of the Industrial Fatigue (later Industrial Health) 
Research Board. With these two appointments may be observed a not un- 
natural shift in the focus of his interest from one directed towards metabolic 
inquiries in the individual to one centred on the physique and nutritional 
status of large sections of the community. In the following year, he succeeded 
NGel Paton on the latter’s retiral from the Regius Chair of Physiology. The 
translation was a perfectly natural one and, indeed, it would have been 
difficult to envisage any other sequence of events. His change of title involved 
little if any interruption in his main interests and the first few years of his 
tenure of the Regius Chair saw the fruits of his membership of the Medical 
Research Council and the Industrial Health Research Board in reports of 
investigations on the physique of the industrial worker and in a number of 
dietary studies. 

Under the aegis of the Industrial Health Research Board, he directed three 
major investigations. The great influx of women into industry, brought 
about initially by the First World War but continuing into the post-war 
years, led the Industrial Fatigue Research Board to organize studies into 
various aspects of female labour. Cathcart, developing his previous work 
on the effect on the cost of movement of varying the position of the infantry- 
man’s pack, took a large share in this general inquiry by organizing and 
directing an interesting investigation by Bedale on the comparative cost in 
women of carrying loads in different positions. This work clearly demon- 
strated that the metabolic cost varied with the degree to which the body’s 
normal centre of gravity was displaced. 

This was followed in 1928 by the report of a second investigation, carried 
out with the assistance of Bedale, Weatherhead and others on the ‘Physique 

“of women in industry’. This, an inquiry conducted at the request of the 
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Home Office, involved the collection of anthropometric data relating to 
some 4000 women in different occupations. For each individual, details were 
recorded of height, weight, strength of grip and lifting power, the particular 
object being to determine the load that can be carried or lifted without 
injury or discomfort by women workers under industrial conditions. 

Seven years later appeared a report of the third major investigation. A 
companion inquiry to the second, this was carried out on men in industry 
by Cathcart, Hughes and Chalmers. It was, however, on a much more exten- 
sive scale, covered nearly 14000 individuals in various occupations and 
included for comparison a sample of over 1000 unemployed and nearly 
9000 students. The data collected were the same as for the women but they 
were much more extensively analysed with regard to changes with advancing 
age, geographical situation, occupational variations, and an interesting 
comparison was made between employed and unemployed. 

Cathcart’s association with the Medical Research Council and its Nutri- 
tion Committee led directly or indirectly to the publication, between 
1924 and 1940, of no fewer than five dietary studies carried out with Mrs 
Murray and others under his direction. The first, in which he was associated 
with Paton and Greenwood, arose from various rumours and public assertions 
of starvation in the mining industry. It was an attempt to assess the state of 
nutrition of the families of miners during the period of serious industrial 
depression in 1922/23. Family budgets were investigated in five different 
mining areas, four in England and one in Scotland. The report brought to 
light many interesting facts concerning the calorie consumption in the 
different areas, its relation to income, and the efficiency with which the 
family income was expended on food. The investigation also included an 
inquiry into the heights and weights of miners’ children in comparison with 
other children of the same area. The non-existence at that time of any wide- 
spread provision of advice on dietetics is commented upon and the report 
urges that housewives would be greatly helped to secure a more adequate 
return for their expenditure on food by a better dissemination of knowledge, 
both of the economic and the nutritional aspects of diet. 

The second report, published in 1931, describes the results of an enquiry 
into the diets of 154 families in St Andrews. St Andrews was chosen because 
it offered (a) a small population of widely different trades and professions 
which were representative of all economic levels within the community, and 
(b) the facilities and resources of the James Mackenzie Institute to assist the 
inquiry. 

From this investigation there emerged much of interest in the relation of 
diet to income and social class; on the relation of the family diet to the 
efficiency and personal character of the parents; and on the physical condi- 
tion of the children in the various groups as assessed by height and weight. 
There was added to the report a most valuable appendix wherein is discussed 
the validity of the somewhat arbitrary values then commonly used for ‘family 
coefficients’ in the light of the real facts learned by the investigators concern- 
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ing the proportion of the family food actually consumed by each member. 
The ration cards of the Second World War perhaps owed their generosity 
to the juveniles to this inquiry. 

The interest of the results of the St Andrews investigation fired Cathcart 
with the ambition to build up a survey of the dietary habits of the whole 
country through a series of studies on a number of communities of divergent 
environment and occupation. It was an ambitious aim which was never com- 
pletely achieved but its pursuit led to three further dietary investigations. 

In 1932 appeared an inquiry into the diets of working-class families in 
Cardiff and Reading. In contrast to the St Andrews investigation where the 
aim was to cover all social levels, the Cardiff and Reading inquiries were 
designed to secure data relating to two working-class communities who 
were living under divergent industrial and environmental conditions. 

The fourth report, which appeared in 1936, was a re-analysis of 
the data of the St Andrews, Cardiff and Reading inquiries from a new stand- 
point. In the former reports attention had been focused on the food consump- 
tion in terms of the gross amounts of protein, fat, and carbohydrate eaten, 
and little attention had been given to the sources from which these were 
_ obtained. As so analyzed, the data had shown remarkable uniformity in the 
percentage of total calories derived from each of these proximate principles. 
This fourth report re-analyzed the data in terms of the actual purchased 
foodstuffs from which these proximate principles had been obtained, with 
the result that the types of foodstuff purchased were found to vary widely 
in the three different communities. It was thus clear from the analysis that 
the uniformity of the proportional representation of protein, fat, and carbo- 
hydrate in the total calorie consumption existed quite independently of the 
type of foodstuff and, in the words of the report, ‘seemed to represent the 
operation of some kind of instinct’. In this report there is re-iterated with 
even greater emphasis the plea of the 1924 report for educating the house- 
wife in elementary dietetics by demonstrations in which the methods used 
were those available in her own home. 

The fifth and last report was a study of the diets of families in the High- 
lands and Islands of Scotland. Here the aim was to procure data from purely 
rural areas remote from large shopping centres. These were analyzed both 
from the standpoint of calories and proximate principles and also with 
regard to the actual foodstuffs consumed. 

An interesting side-light arising from these inquiries was the finding that 
the total calories of purchased food lost by the housewife as refuse and waste 
was very much less than the arbitrary 10 per cent which had been the con- 
ventional allowance in dietary studies. 

Cathcart’s wide interests led to a demand for his counsel not only in the 
domain of physiology and nutrition but also on bodies dealing with agricul- 
ture and the production of food. From 1926 to 1930 he was a member of the 
Development Commission’s Advisory Committee on Agricultural Science 
and for ten years he sat on the Agricultural Research Council. In 1932 he was 
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a member of the Cattle Diseases Committee of the Economic Advisory 
Council. 

His most intimate connexion with agricultural investigation, however, was 
one closely associated with his own university and incidentally with the 
neighbourhood in which he had spent his childhood. In 1928, following upon 
recommendations made by the Development Commissioners that there 
should be established in Scotland an Institute for Dairy Research, there came 
into being the Hannah Dairy Research Institute. During the first two years 
of its existence, while awaiting the completion of its own buildings near Ayr, 
the then somewhat embryonic Institute had its base in the University 
Department of Physiology and Cathcart acted as its interim Director. Later 
when the Institute had moved to its permanent premises and Dr Norman C. 
Wright had been appointed Director, Cathcart continued to retain a very 
close interest in the Institute, becoming Vice-Chairman of its governing 
Council, a post which he held until his retiral from the University in 1947. 

Throughout Cathcart’s tenure of the Regius Chair of Physiology, his 
services as an adviser were increasingly sought and committee work became 
an ever-growing drain on his time. Under the Health Section of the League 
of Nations, he served as a member of the Technical Commission on Nutrition 
and as Chairman of the Committee on Family Co-efficients. He was also a 
member of the International Labour Office’s Advisory Committee on the 
_ Nutrition of Workers. 

As a counsellor, however, probably his most important service and one 
which had the greatest influence on his later career was his appointment in 

1933, first as a member, and very shortly thereafter as Chairman, of the 
Scottish Health Services Committee, a Committee which is still frequently 
referred to as the ‘Cathcart Committee’. In the course of its three years’ 
deliberations, this Committee made a most comprehensive review, with 
regard to Scotland, of population growth and distribution, of social and 
economic conditions, of the then state of health of the people, and of the 
health services existing at that time. The report concluded with recom- 
mendations as to the general lines along which future health policy should be 
directed. Having laid great stress on the fundamental importance of the 
general practitioner as a ‘family doctor’, the Committee recommended 
an extension of the National Health Insurance scheme to the dependants of 
insured persons and to others. The Committee also recommended the recogni- 
tion of the voluntary hospitals as an integral part of the Health Service of the 
country, with a measure of general supervision and direction by the central 
Health Department, coupled with the preservation for each hospital of 
autonomy in its own internal management. There is no doubt that this 
Report provided a vast amount of useful information in the framing of the 
Health Service of today. Indeed, in the White Paper (1944) which presented 
to Parliament the proposals for a National Health Service we find the follow- 
ing: “The Cathcart Report is too comprehensive in scope to lend itself to 
brief quotation but it is one of the most complete official surveys of the 
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country’s health services and health problems yet attempted. The recom- 
mendations of the Committee have already formed the basis of legislation in 
particular fields.’ 

Cathcart’s direction of this Committee had a natural influence in broaden- 
ing still further the interests of his later career. An interest which had been 
previously focused mainly on nutrition and diet was extended now to 
embrace the whole field of the general health of the people and, in particular, 
their physical fitness and education. Reference to the bibliography will show 
that many of his publications from 1938 onwards concern the assessment and 
promotion of physical fitness in its widest sense. The same trend is to be seen 
in his administrative interests. In 1937, he was appointed a member of the 
Scottish National Advisory Council on Physical Training and, in 1942, a 
member of the Scottish Medical Advisory Council on Education. In 1943 he 
was appointed Chairman of the Rehabilitation Committee of the Scottish 
Medical Advisory Committee. 

By this time, Cathcart was within sight of his retirement from academic 
life and committee work was absorbing the greater part of his time. Neverthe- 
less a notable feature of his career and one fully appreciated by his university 
staff, was that he never allowed his extra-mural commitments as a national 
counsellor to interfere with what he regarded as a sacred duty, his work as a 
teacher and as an administrator within his own university department. It was 
inevitable, therefore, that personal research should suffer and the last 
few years of his tenure of the Regius Chair were unmarked by contributions 
other than reviews and re-analyses of past work, with one rather singular 
exception. In the last year or two of his university service he returned to pure 
laboratory research in the domain of histology and his last paper, published 
in 1947, was a histological study of the innervation of the nipple. 

On his retiral under the age limit from the Regius Chair, the Department 
of Health invited him to become the first Chairman of the Western Regional 
Hospital Board under the Scottish Health Service. In view of his previous 
direction of the Scottish Health Services Committee and his wide ad- 
ministrative experience, no better choice could have been made and the 
appointment was acclaimed with general satisfaction. Cathcart accepted this 
invitation to the pleasure of all concerned but a period of acute ill-health un- 
fortunately forced him to resign the charge before the ‘appointed day’, 
and he spent the remaining six years of his retiral quietly at home, sustained 
by a lively interest in family developments, in old and new friendships, and 
by the enjoyment of ample leisure for reading. 


Personal characteristics 


Cathcart was a living refutation of the view that physiology is a purely 
academic discipline unduly concerned with the behaviour of the lower verte- 
brates. He was concerned with man in all his activities. Hence his interest 
in psychology, in philosophy, in education, and in the liberal arts. In his early 
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days he was one of a small band which kept alive a remarkably successful 
repertory theatre in Glasgow. He was interested in music, particularly string 
quartets, in painting and in architecture. He had a most catholic taste in 
literature. 

Such a rich personality could not fail to have a major impact on the life of 
his university. His lectures, illumined by personal anecdotes drawn from wide 
and varied experience and travel, werea delight and astimulus to his audience. 
His students received a liberal education in subjects often far removed from 
physiology, while his generous sympathy with them in their academic work 
and his vital interest in their activities outside the classroom secured for him 
their universal affection and admiration. 

Those who had the good fortune to serve an apprenticeship in research 
under him will always remember first the prodigious energy of the man. 
Body and mind were equally dynamic. The tall, big-boned frame, the 
characteristic abrupt movements, the changing expressions of the strong 
mobile features and the ranging tones of the deep Ayrshire voice all 
contributed to the impression of a personality as unselfconsciously forceful as 
it was honest and essentially humble-minded. 

Tea-time in his department was very often the occasion of an all-round 
discussion of anything under the sun, and one could wish there had been a 
Boswell among his juniors. Often he would charge into a discussion from half- 
a-dozen different angles with an inconsequence which left less agile minds 
gasping at an illogicality which was only superficial. For he saw things whole 
and in the round and was impatient of the fine-drawn argument which left 
out relevant facts and what he used to call ‘the all-important imponderabilia’. 
His warm approvals and sweeping disapprovals, frank enthusiasms and 
sudden caustic satire drove the discussion in every direction. Many of his 
apparently fantastic prejudices were undoubtedly thrust at his juniors as a 
challenge to them to justify their own opinions. 

Especially he loved to discuss human behaviour, people’s attitude to their 
work, their hobbies and their foibles. He was genuinely interested in what- 
ever interested other people, even when it was games, for which he had no 
time himself, saying apologetically: ‘My only hobby is talking.’ 

From his first year as a student to the last days of his life, Cathcart read all 
manner of books, excepting perhaps fashionable trivialities. He found parti- 
cular delight in history and in the lore of old stained glass. He was in general 
impatient of politics, somewhat sceptical of social reform and humorously 
astringent towards idealistic theories. It was his passion for fact-finding which 
led him into lines of work which in the end made him a notable contributor to 
state-guided social improvements. For himself, he maintained that the 
individual was responsible for his own development; but he apparently saw 
no inconsistency in putting himself to great pains to encourage, goad, and 
materially help a large number of individuals to exert themselves to further 
effort and study. He could be grim and gloomy occasionally, but his mordant 
condemnations were reserved wholly for lazy or dishonest work. 
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Himself a regular attender at divine worship, Cathcart was deeply 
interested in the variety of people’s religious beliefs and practices. In this, 
as in all his interests, his wife’s mind and his own worked together in co- 
ordinated opposition like a well-sharpened pair of scissors, and to hear their 
discussions was always a delightful tonic. Their hospitality kept its legendary 
distinction even through the years when few people found time for converse 
with their friends. 

Professor Cathcart was, in fact, a ‘character’ in the true succession of 
characters thrown up from time to time in the long history of the Scottish 
universities. But whereas most of these worthies have been distinguished by 
self-centredness, eccentricity or even acute quarrelsomeness, Cathcart will be 
remembered for the breadth and balance of his personality, peculiar only in 
being more than life-size in his appetite for work and in his intense enjoyment 
of the human scene. 


For help in the preparation of this notice, I am indebted to Professor R. C. 
Garry and to my wife, both of whom, like myself, had the great privilege of 
working with Professor E. P. Cathcart. 

GrorcE M. WisHart. 
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WILLIAM CECIL DAMPIER 
1867-1952 


Sir Wituiam Dampier was born in 1867 and named William Cecil Dampier 
Whetham. His early work was published under that name but later he 
changed his surname to that of his mother’s family. 

At the beginning of the seventeenth century the Whetham family were 
small landowners in Dorset, but in the nineteenth century Dampier’s 
grandfather moved to London and became an important figure in its 
business life. He was knighted and became Lord Mayor of London. Dampier 
records that he acted as‘his grandfather’s page on state occasions. Dampier’s 
mother came from a Somerset family, one branch of which produced the 
famous explorer William Dampier. In early youth poor health prevented 
him from going to a public school, but in 1886 he went up to Trinity College, 
Cambridge. Here he came under the influence of J. J. Thomson who 
inspired him with a desire to undertake research in physics. After taking 
first class degrees in both parts of the Natural Sciences Tripos he started 
research work in 1889 at the Cavendish Laboratory. His first work was 
directed to finding out whether there is any slipping at the surface of a tube 
when a fluid passes through it. It had been thought that fluids which do not 
wet glass might slip, whereas those which do, wet it would not. Dampier 
showed conclusively that there is no slipping. He next turned to the measure- 
ment of the velocity of ions in electrolytic solutions and devised an ingenious 
method in which direct measurements were made using a coloured solution. 
‘These measurements confirmed previous theories put forward by Hittorf 
and Kohlrausch. These researches led in 1891 to his being elected a fellow 
of Trinity. He remained a fellow of the college during the whole of the rest 
of his life. 

About the time Dampier published his first work, Arrhenius had just 
put forward his theory of the connexion between the conductivity of dilute 
solutions and the corresponding depression of their freezing points. His theory 
did not receive immediate acceptance, and Dampier with E. H. Griffiths 
set to work to test it experimentally. They made accurate measurements 
both of conductivity and depression of the freezing point. Arrhenius’s theory 
was shown to be in accordance with experiment. As a result of these studies 
Dampier published in 1902 his book on The theory of solution. This was for 
some time the standard textbook on the subject. 

In 1897 Dampier married Catherine Durning Holt, daughter of Robert 
Holt a member of a prominent family of Liverpool shipowners. He had 
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five daughters of whom two, Mrs Bruce Anderson and Miss Edith Whetham, 
became scientific research workers and university teachers. 

In 1895 Dampier became a college lecturer and in 1907 a tutor. The 
duties of a college lecturer allowed some time for research work and between. 
1895 and 1908 he published sixteen papers, articles or books mainly on. 
electrolysis and solution. 

After Dampier had become a tutor his college duties absorbed an ever 
increasing amount of his time and he had to drop his laboratory work, 

Dampier had always been interested in his own family history and his. 
wife shared that interest. Their joint researches in this field gave rise to a 
broader interest in heredity and genetics. From 1903 onwards they published 
a number of notes which in 1909 culminated in their book The family and the 
nation. After describing in a popular way the state of the science of genetics 
as it existed in 1909 they discuss first the rise and decline of individual families. 
Then they trace effects of selective birth rates and what is now known as the 
Welfare State on the character of the nation. They believed that if only 
people’s eyes were opened to the disastrous effects of a wrongly directed 
selective birth rate they would take measures to encourage the reproduction 
of good stock and the checking of evil strains. 

With the dropping of his laboratory work Dampier applied his talent for 
clear writing to describing the work of others. In 1909 appeared the first 
edition of his Recent developments in physical science, a work which revealed an. 
interest in physics extending far beyond the field of his own researches. 
This led him to think about the philosophy and history of science and he 
employed such leisure as his college duties allowed in collecting material. 
for his History of science which appeared in 1929. This book went through 
many editions and was translated into many languages. 

Since his earliest years Dampier had been attracted to country life. During 
his time as undergraduate and later when he was a college lecturer he gave 
as much time as he could spare to country sports. In 1909 he and his wife 
bought an old manor house and some farm land in Devonshire. This turned 
his mind in the direction of agricultural economics on which he published. 
some notes which attracted attention. When the 1914 war began it was. 
natural, therefore, that he should be called upon to help in a food production 
campaign. While he was so engaged he inherited in 1917 a small estate near 
Yeovil, and as soon as he could he put his agricultural ideas to the test by 
taking over two of his farms and operating them through a manager. At 
that time there was a great scarcity of cheese so he began a factory for making 
it on his farms. The surplus whey which this operation made available was 
used by Dr Leonard Harding in developing a new method for making 
lactose which ultimately developed into a commercial process. 

When the 1914-18 war was over the fall in agricultural prices encouraged 
Dampier to investigate the relationship between money, prices and agri- 
cultural profits. On these subjects he published his opinions in the Economic 
Journal and elsewhere. He also published a small book, Politics and the land. 
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These publications brought him a number of posts in various forms of public 
service connected with agriculture. In particular his great service in con- 
nexion with the Agricultural Research Council and the Development Com- 
mission is recorded in the attached note by Mr E. H. E. Havelock the secre- 
tary of the Commission. 

Dampier was elected a Fellow of the Royal Society in 1901 and was 
knighted in 1931. His loss is deeply felt in Trinity College to which he gave 
so many years of devoted service. 


G.I... FAYLOR 


Note By Mr E. H. E. Havetock 


As first Secretary of the Agricultural Research Council from 1931-1935 
Dampier made a contribution to the firm establishment of the Council which 
was of exceptional value at that stage and was lasting in its influence. In so 
doing he rendered most distinguished public service. He was outstandingly 
well fitted by experience, width of interest, and qualities of mind and 
character for a task which was bound to be of some delicacy, for the new 
Council, unlike its sister organizations, the Department of Scientific and 
Industrial Research and the Medical Research Council, found already in 
existence a firmly rooted research organization and an administrative 
machine, which to those not familiar with it might seem already complex. 
This research organization, mainly consisting of grant-aided Institutes, 
founded largely on a scientific subject but sometimes on a sectional and 
industrial basis, had its origin in a scheme framed by the Development 
Commissioners in 1911, in co-operation with the Agricultural Departments, 
at a time when State aid for agricultural research was trifling in amount. 
Each Institute, except those few, such as the Veterinary and Plant Pathology 
Laboratories of the Ministry of Agriculture and Fisheries, whose duties arose 
out of legal obligations, was either attached to a University or had its own 
Governing body; they were in no sense State Institutions, nor were the 
members of their staffs Government servants. Nevertheless they depended 
almost entirely on State grants for their development and maintenance 
and these grants were borne on the Votes of the Departments of Agriculture, 
the source of the money being the Development Fund, from which advances 
are approved by the Treasury on the recommendation of the Development 
Commissioners. It was natural therefore that the wide powers granted by 
Royal Charter to the new Research Council, responsible only to a Com- 
mittee of the Privy Council under the Chairmanship of the Lord President, 
should be closely defined in a Note on Administrative Arrangements, which 
preserved the responsibilities of the Departments and Organizations already 
concerned, while giving to the Council important functions of scientific 
influence and advice. The sum placed at the Council’s direct disposal for 
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research grants was at this stage quite small. It was therefore important 
that the Council’s first Secretary should have gifts of diplomacy, wisdom and 
independence of outlook as well as an acknowledged scientific and academic 
status, and that, if possible, he should have too knowledge of agriculture 
and its problems. The Council were, indeed, fortunate in persuading 
Dampier to serve them for a period, nominally not on a full-time basis, 
though he gave them ungrudgingly of his time and thought, to the detriment. 
of his health. He was completely disinterested, not only in the personal 
sense but because he was not entering this new sphere as a career and had 
no need to seek power or distinction. 

Dampier saw immediately that the first task of the Council must be to. 
make itself thoroughly familiar with the officers of the interested Depart- 
ments and with the staffs of the Research Institutes, their work and their 
needs, even though the financial circumstances of 1931 were peculiarly 
unfavourable to development. His task was eased by the close links which 
were forged with the Development Commission, whose Chairman, Lord 
Richard Cavendish, became first Chairman of the Agricultural Research 
Council, and one of whose members, Sir Thomas Middleton, not only brought 
to the council table his unrivalled experience of the organization for agri- 
cultural education and research but was available in the office for con- 
sultation. The new Council shared offices and staff with the Commission. 

A careful survey, lasting necessarily over two or three years, was therefore 
made through committees and sub-committees of the Council of all the 
institutes and centres of research, and at the same time the Council decided 
that it was in the field of animal diseases research that the need for 
strengthening all means of investigation was strongest. The Council there- 
fore established a series of technical committees to examine the state of 
knowledge of specific diseases and subsequently to recommend what further 
action was needed. At the same time special studentships in animal health 
were created and plans were examined for extending and re-organizing the 
Royal Veterinary College in London and for bringing into closer association 
in Scotland the research activities of the Royal (Dick) Veterinary College 
and the Animal Diseases Research Association, as well as for strengthening 
other centres of investigation elsewhere. Dampier’s own training and 
experience naturally led to his taking a very special interest in securing 
a closer association between teaching and research. 

In the course of the Council’s survey some organizational problems of 
difficulty inevitably arose, and it happened that one of the fields where 
this occurred was that of agricultural engineering, with which Dampier 
was already familiar as Chairman of the Ministry’s Machinery Committees. 
His special interest in grassland farming led to his very active concern with 
problems of grass drying and he was chairman of the Council’s committee 
which explored the technical and practical problems involved. Again, his 
long academic experience and his breadth of outlook were of the greatest 
service in negotiations with the University of Cambridge, which led to the 
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setting up of a syndicate to consider how best the Cambridge Agricultural 
Research Institutes, which depended upon special Government grant-aid, 
could be brought into the closest relationships with each other and with the 
science departments of the University. 

It was, in particular, a majority recommendation of one of the Council’s 
technical committees on animal diseases, that on contagious abortion, in 
favour of the committee having an experimental herd directly under their 
control, which made clear the need for a wider interpretation of the Council’s 
powers and functions. The intricate and necessarily prolonged negotiations 
which resulted in a Second Note on Administrative Arrangements being 
approved were conducted by Dampier with great skill and understanding, 
so that a decision was reached by general agreement which gave to the Coun- 
cil formally the right themselves to carry out agricultural research and employ 
scientific and other staffs for this purpose ‘at research centres under their own 
direction, or elsewhere’, while fully recognizing the need for obtaining 
departmental agreement if research under the Council were to be initiated 
at an institute receiving grant aid from one of the agricultural departments. 
With this definite acceptance of the Council’s freedom to engage directly 
in research the establishment of their Field Station at Compton for controlled 
experiments on diseases, especially contagious abortion, requiring the use 
of considerable numbers of farm animals, became a possibility and Dampier 
threw himself enthusiastically into the initial search for a suitable site. 
At the same time the new arrangements emphasized the Council’s status. 
as the central guiding authority for all agricultural research. 

Dampier’s period of service as secretary was therefore rounded off by an 
advance in the Council’s authority and freedom of action which was to lead 
to further developments of outstanding importance and which enabled the 
Council to establish immediately the case for a full-time scientific secretary 
and to appoint to this post one of their number, the late Sir Edwin Butler. 
Nor had this achievement been accomplished at the expense of any neglect 
of the Council’s scientific examination of the position in the many branches. 
of agricultural research covered by the existing organization or of plans for 
consolidating and extending that organization. The debt which the Council 
owed to Dampier’s integrity, devotion and wisdom was, indeed, great, 
and it was at once recognized on his resignation as secretary by his appoint- 
ment as a member of the Council. As a member he held office for ten years 
and it was characteristic of him that though ever ready to serve as chairman 
of a committee, such as that on dairying, or in any other way, he never once 
used unduly the authority or influence of his former position or stepped 
outside the role of normal member. 

In 1933 Dampier was appointed a Development Commissioner, while 
still Secretary of the Agricultural Research Council, and he remained a 
member until January 1951, when his health, after a period of recovery, 
really began to fail. For the Commission’s work, which covered so many 
aspects of country life and was concerned with policies of development passing 
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beyond the research stage, Dampier had a great liking and affection and his 
retirement was a severe blow to him. He had taken a particular interest in 
the affairs of the Rural Industries Bureau, of which he was a trustee and 
during the war acting chairman of its committee, and in the progress of 
Rural Community Councils, representative of all the statutory and voluntary 
bodies in a county. He was chairman of the Cambridgeshire Rural Com- 
munity Council. To his colleagues on the Commission his retirement came 
as a grievous blow, for he had in a very special measure their admiration 
and regard. 

Dampier received in 1936 the Gold Medal of the Royal Agricultural 
Society for services to agriculture. He became a Vice-President of the 
Society. 

Dampier faced every difficulty and disability with stoical courage and 
dignity, but also with wit and good humour. He was fastidious in his standards 
and deliberately restrained in expression, but those who were fortunate in 
winning his esteem had gained a most generous, loyal and affectionate 
friend. To work with him was to be accepted as a partner. 
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HENRI ALEXANDRE DESLANDRES 
1853-1948 


Henri ALEXANDRE DESLANDRES was born in Paris on 24 July 1853. Destined 
for an Army career he was educated at the Ecole Polytechnique from 
1872 to 1874. He secured rapid promotion and in 1879 he became Captain 
in the Engineers and qualified for staff appointments. But a scientific career 
had begun to appeal to him so strongly that in 1881 he retired from the 
Army and devoted himself to scientific research. Attached to the physics 
laboratory of the Ecole Polytechnique from 1883 to 1887 he published his 
first paper in 1885 on Relations entre le spectre ultra-violet de la vapeur d'eau et 
les bandes telluriques A, B, « du spectre solaire. In 1887 he joined M. Lippmann 
in the physics laboratory of the Faculty of Sciences of the Sorbonne. He 
obtained the degree of Doctor of Science in 1888 with a thesis on band 
spectra. 

He first made his name known by the laws that he established governing 
the frequencies of lines in the bands in molecular spectra. When he started 
all that was known was the analysis of the green band of carbon monoxide 
by Piazzi Smyth and Alexander Herschel’s links between the wave-numbers 
of the separate lines. The researches of Deslandres were stated by Kayser 
to have put our knowledge of band spectra on a totally different plane. 
Deslandres’ First Law is that the intervals between the wave-numbers of 
successive lines of a band are in arithmetical progression. This he first found 
for each band in the spectrum of nitrogen near the negative pole in tubes 
at ordinary pressure. He analyzed other bands of nitrogen into series for which 
the same law held and extended the law to bands of cyanogen, oxygen and 
water vapour. The law can be expressed in the simple formula for the 
frequencies of lines in a series 

v = Am?+a 
where A and a are constants for the series and m takes successive integral 
values. He extended his law to cover bands of doublets, triplets, etc., 
repetitions of groups of lines similarly related. 

Deslandres’ Third Law 

x v = Am?+Br?+C 
where A, B, C are constant and m, n are integers followed from his further 
discovery that the heads of different series in bands of the same molecule 


are related in just the same way as the lines in the series from each head, 
though with different constants in the formula. Next Deslandres found 
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that he could group the series of bands from different heads so that the 
squares of the constant C also gave intervals, which are in arithmetical 
progression; thus he could ultimately give the complete formula for the 
frequencies of the lines in the bands of a molecule in terms of three integral 
parameters m, n, p, and two constants B, C, in the form 


v =f, pm’ +Br'+ $(P*) 

Deslandres never lost his interest in molecular spectra. One of his long 
continued researches was on the anomalous effects on band spectra obtained 
in the presence of magnetic fields. He designed instruments to give fields 
up to 63000 gauss. Towards the end of a long life he returned to the con- 
sideration from high dispersion spectra of perturbations affecting the arith- 
metic series in his laws and to the relations of molecular spectra with the 
constitution of the molecules. He describes his last paper presented to the 
Académie des Sciences eight days before his ninety-fourth birthday, as 
follows: 


‘La derniére de la longue série de Notes qui depuis 1929 sont consacrées 
aux relations simples qui unissent la composition chimique exacte de la 
molécule 4 son spectre Raman et qui ont conduit aux quatre lois des 
fréquences moléculaires . . .’ 


and adds: 


‘L’étude des molécules est actuellement abandonnée parceque les données 
expérimentales sont trop souvent insuffisantes. Mais leur étude sera reprise 
lorsque les fréquences Raman seront mesurées avec une précision plus 
grande et lorsque l’étude chimique des protides et des protéides aura fait 
des progrés notables.’ 


Brave words to be written at the age of 93. This work was never renewed 
by the old warrior, but his enthusiasm and faith in his ideas endured to the 
last: Before passing to an account of his career as an astrophysicist, mention 
may be made of his work as Colonel in the Engineers during the war of 
1914-18. As commandant of the technical section of the Engineers in Paris 
he developed with Colonel Jouhandeau a weapon of short or medium range 
for incendiary and explosive shells described as a ‘canon d’accompagne- 
ment’. This weapon was widely distributed in the French Army. 
Deslandres left the Sorbonne in 1889 on being appointed by Admiral 
Mouchez as assistant astronomer at the Paris observatory. He was placed 
in charge of spectroscopic work, making use of the Foucault siderostat and 
adapting the great telescope of the observatory for its new line of work. 
With this instrument he studied at first radial velocities of stars but he broke 
fresh ground in measuring spectroscopically the velocity of rotation of 
Jupiter, and of Saturn and its rings—confirming Maxwell’s theoretical 
views of their structure. He showed that the rotation of Uranus was retro- 
grade like the revolution of its satellites. He also started spectroscopic work 
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on the solar chromosphere and prominences, finding in the latter more 
ultra-violet lines of the Balmer series and fresh lines of helium; he completed 
our knowledge of the spectrum of neutral helium in the range then accessible 
to study. 

It was this work on solar physics which was to place him in a leading 
position in the astronomical world. Simultaneously with Hale he attacked 
the problem of replacing by photographic methods the laborious visual 
study of the forms of prominences. He and Hale both discovered in 1891 
the bright central reversal of H and K on the Sun’s disk, and Deslandres 
developed his ‘spectro-enregistreur des vitesses’, an instrument differing from 
Hale’s spectroheliograph in its wider second slit and discontinuous motion. 
This instrument has the advantage over the spectroheliograph that it enables 
measures to be made of the velocities in the line of sight of the gases, that give 
the bright reversals in the absorption lines. It does not give the beautiful 
smooth pictures that the spectroheliograph gives, but Deslandres showed 
in volume 4 of the Meudon Annales how successful he was in the design and 
use of both these instruments. Actually he was held back from completing 
his instruments till 1893 by lack of funds and by an expedition that he led to 
Fundioum in Senegal for a total solar eclipse on 16 April 1893. 

Deslandres led three other eclipse expeditions—to Yezo for 9 August 1896, 
to Spain for 28 May 1900 and for 30 August 1905. Only at the eclipses of 
1893 and 1900 did he have favourable weather conditions. He extended the 
known spectra of the chromosphere and corona into the ultra-violet and the 
infra-red, attempted to measure the rotation of the corona and determined 
the total radiation from the corona. 

In 1898 he was appointed astronomer at the Astrophysical Observatory 
at Meudon under Janssen. He became Assistant Director in 1906 and 
Director in 1907. He greatly improved the equipment of the observatory, 
adding a first-class workshop, new spectrographs and coelostats and 
additional optical instruments of the highest quality. From 1908 onwards, 
with the help of Dr d’Azambuja, he produced beautiful results in his photo- 
graphs of the Sun’s surface in different wave-lengths and in different parts 
of a given line in the spectrum. The high quality of the Meudon instruments 
and the careful and accurate work of the observers is well seen in volume 4 
of the Annales de Observatoire de Meudon (1910). 

In this volume he gave a detailed account of the instrumental equipment 
of the Observatory and published a number of photographs of the Sun’s 
disk in successive layers of hydrogen, calcium and iron gases, especially the 
upper layers. He studied the radial velocities over the bright faculae and of 
the dark filaments. He noted the disappearance of spots in the uppermost 
layers and the increased frequency of dark markings; in the highest layers 
these were not only more numerous but also darker and more extended. 
He detected a veritable reseau of dark markings on the Sun’s surface and 
a systematic circulation of gases, which descended over the bright faculae 
and rose over the darker regions, especially over the filaments. He noted 
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that the bases of prominences were joined to the dark alinements and 
filaments of the upper surface. In the regions of high latitude he found that 
the filaments were linked with coronal jets and streamers. 

Deslandres also examined the relation between the sunspot cycle and 
terrestrial magnetism and he stimulated an international scheme for the 
continuous observation of solar phenomena from observatories the world 
over. From the rotation of the dark filaments regarded as helices with axes 
parallel to the lines of force of the Sun’s magnetic field he deduced a value 
for the field of 10~’ gauss. He formed a model of the chromosphere in alter- 
nate layers with electric fields and magnetic fields changing sign from layer 
to layer. He also put forward the view that there were special disturbed 
regions of the Sun’s surface, points of corpuscular emission arranged regularly 
over the Sun’s surface and working at different depths. The consequent 
27-day period in magnetic disturbances is well established, but not the 
regular distribution of the disturbed areas over the Sun’s surface. These 
various suggestions formed part of a theory for the circulation of the Sun’s 
atmosphere. He suggested in 1902 the existence of Hertzian radiation from 
solar prominences, forty years before the first observational evidence of such 
radiation was secured. Other work carried out by Deslandres at Meudon 
included the discovery of reversals in the H and K lines in spectra of high 
dispersion of stars of types G and K: also he identified bands due to hydro- 

carbons and cyanogen in the heads of Comet Daniel (1907) and Comet 
~ Morehouse (1908) and bands due to nitrogen at low pressure in the tails. 

In 1927 the observatories of Paris and Meudon were united and Deslandres 
was appointed the first Director of the combined observatories, a post which 
he held till his retirement in 1929. He remained always full of original and 
fertile ideas and encouraged his staff to great activity. Always young in mind 
and combative by nature he lived a very full life consecrated to astronomical 
research. His untiring zeal and spirit of invention were linked to a sure and 
weighty judgment. Elected to the Académie des Sciences in 1902 in suc- 
cession to Faye he soon became an active member of its various scientific 
commissions especially for international conferences. Among these may be 
mentioned the first conference on Solar Research at St Louis in 1904, the 
first meeting of the International Union for co-operation in Solar Research 
at Oxford in 1908, and a later meeting at Mt Wilson in 1911. He was present 
at Brussels in 1919 as a delegate from the Académie des Sciences when the 
International Research Council and the International Astronomical Union 
were founded. He attended the meetings of the latter body at Rome (1922), 
Cambridge (1925), Leiden (1928), Paris (1935) and Stockholm (1938), 
and was for a time a Vice-President of the Union. He served on many com- 
mittees such as those on the solar atmosphere, solar radiation, stellar radial 
velocities, stellar classification, lunar nomenclature and longitudes. In 1908 
he became a member of the Bureau des Longitudes and wrote a ‘Résumé de 
Physique Solaire’ in the Annuaire du Bureau des Longitudes in 1919. 

He became President of the Académie des Sciences in 1920 and was the 
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senior member of the Academy at his death. He won the Croix de Guerre, 
1914-18, was a Commander of the Légion d’Honneur and was awarded the 
order of the Crown of Roumania and the Grand Cross of the order of 
Isabella la Catholique. He was elected an Associate of the Royal Astro- 
nomical Society in 1904 and received the Society’s Gold Medal in 1913. 
He received the Catherine W. Bruce Medal of the Astronomical Society 
of the Pacific and honorary doctorates from the Universities of Leiden and 
Coimbra. He was a foreign member of the Academy of the Lincei, Academy 
of Petrograd, National Academies of the United States and Sweden, and of 
the Royal Society of Uppsala. He was elected a Foreign Member of the 
Royal Society in 1921. 
He died on 15 January 1948. 
F. J. M. Stratton 
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140, 965.—Errata, 140, 1284. 
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Etude de l’atmosphére solaire autour des taches, 141, 377. i 

Spectres ultraviolets de la couche renversante pendant l’éclipse totale du 28 mai 
1900, 141, 409. s 

Remarques sur |’état actuel des recherches solaires et sur les moyens de les améliorer, 
141, 477. 

Note préliminaire sur l’observation de l’éclipse totale du Soleil du 30 aoat 1905,, 
a Burgos, 141, 517. 

Méthodes pour la recherche des particules lumineuses mélées aux gaz de la chromo- 
sphére et des protubérances solaires. Applications pendant l’éclipse de 1905, 
142, 741. 

(With G. Bium.) Photographies des protubérances solaires avec des écrans. 
colorés dans l’éclipse du 30 aoat 1905, 142, 817. 

Méthodes pour la recherche, en dehors des éclipses, des amas de particules brillantes, 
mélés aux gaz et aux vapeurs dans la partie basse de l’atmosphére solaire, 142, 1009. 

(With A. BERNARD.) Photométre spécial destiné a la mesure de la lumiére 
circumsolaire. Emploi pendant l’éclipse totale du 30 aoait 1905, 143, 152. 

Appareils enregistreurs de ’atmosphére solaire, 143, 1210. 

Errata—telatifs a la précédente communication (t. 143, 1906, p. 1210), 144, 112. 

(With L. p’Azampuja.) Recherches sur l’atmosphére solaire. Vapeurs a raies. 
noires et amas de particules, 144, 229.—Errata, 144, 352. 

Sur quelques détails du spectrohéliographe, 144, 541. 

Etude des variations du rayonnement solaire, 144, 941. 

(With A. Bernarp.) Etude spectrale de la cométe Daniel d 1907. Particularités 
de la queue, 145, 445. 

Observation de la cométe Daniel d 1907 et plan général d’organisation pour |’ étude: 
physique compléte des cométes, 145, 843. 

Appareil destiné aux astres formés de gaz et de particules, et capables de donner 
séparément |’image de chacun des deux éléments, 145, 1108. 

Recherches sur la rotation et l’éclat de diverses couches atmosphériques du Soleil, 
146, 1235. 

Sur la recherche d’une classe particuliére de rayons qui peuvent étre émis par le 
Soleil, 147, 373. 

Errata—relatifs a une précédente communication (t. 146, 1908, p. 1235), 147, 442. 

(With L. p’Azamsuja.) Enregistrement de la couche supérieure du calcium dans. 
Patmosphére solaire, 147, 334.—Errata, 147, 442. 

Grands alignements et tourbillons de l’atmosphére solaire, 147, 467.—Errata, 147, 506. 

(With A. Bernarp.) Recherches spectrales sur la cométe Morehouse ¢ 1908, 
147, 774.—Errata, 147, 1449. 

(With J. Boster.) Sur le spectre de la cométe Morehouse, 147, 951.—Errata,. 
147, 1449. 

Caractéres de la couche supérieure de l’atmosphére gazeuse du Soleil, 147, 1016.. 
—Errata, 147, 1450. 

(With A. Bernarp & J. Boster.) Complément et résumé des observations faites 4. 
Meudon sur la cométe Morehouse, 148, 805. 

Sur une solution générale du spectrohéliographe, 148, 968. 

Reconnaissance des couches supérieures du calcium et de Phydrogéne dans l’atmo- 
sphére solaire et des mémes filaments noirs dans les deux couches, 148, 1011. 

(With L. p’Azampuja.) Examen critique des images monochromatiques du Soleil 
avec les raies de l’hydrogéne, 148, 1235. 

Recherches sur les mouvements de la couche supérieure de l’atmosphére solaire,,. 
149, 179. 

Mouvements de l’atmosphére solaire supérieure au-dessus et autour des facules.. 
Tourbillons cellulaires de Soleil, 149, 493.—Errata, 149, 580. 
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(With L. p’Azampuya.) Images monochromatiques multiples du Soleil, données 
par les raies larges du spectre, 149, 521. 

Aménagement du grand télescope de Meudon pour la photographie des cométes. 
Application a la cométe de Halley, 149, 1101. 

(With A. Bernarp.) Note préliminaire sur le spectre de la cométe de Halley, 
149, 1103. 

Orage magnétique du 25 septembre 1909, et phénoménes solaires connexes. Véri- 
fication des théories proposées, 150, 65. 

(With A. Bernarp & L. p’Azamsuya.) Premiéres observations de la cométe Drake a 
V?Observatoire de Meudon, 150, 253. 

(With P. Iprac.) Sur le spectre de la comete 1910 a, 150, 653. 

Distribution des filaments dans la couche supérieure de Vatmosphére solaire, 150, 
1007.—Errata, 150, 1378. 

Influence des cométes sur l’atmosphére terrestre d’aprés’ la théorie cathodique, 
150, 1281. 

(With L. p’Azamspujya & V. Burson.) Sur un filament extraordinaire, 150, 1635. 

(With J. Boster.) Sur les apparences présentées par la queue de la cométe de 
Halley lors du passage du 19 mai dernier, 151, 265. 

Sur les propriétés des filaments polaires du Soleil, 151, 413. 

Recherches sur les mouvements des couches atmosphériques solaires par le déplace- 
ment des raies spectrales. Dissymétrie et particularités du phénoméne, 152, 233. 

Explication simple des protubérances solaires et d’autres phénoménes par des champs 
magnétiques trés faibles, 152, 1433. 

Remarques complémentaires sur les champs magnétiques faibles de l’atmosphére 
solaire, 152, 1541. 

(With V. Burson.) Lois relatives au mouvement des protubérances solaires, 
152, 1281. 

Ionisation des gaz solaires. Relations entre le rayonnement et la rotation des corps 
célestes, 153, 10. 

Remarques sur les mouvements des protubérances solaires, 153, 221. 

(With L. p’Azampuyja.) Vitesse de rotation des filaments noirs dans la couche 
supérieure de atmosphere solaire, 153, 442. 

Remarques sur la communication de M. E.-M. Anrontapr1 intitulée: ‘Observations 
de la planéte Jupiter en 1911, avec l’équatorial de 0™, 83 de l’Observatoire de 
Meudon, et sur l’utilité de observation des planétes’, 153, 1126. 

Remarques sur la communication de M. DauzEre (sur la stabilité des tourbillons 
cellulaires), 154, 976. 

Opérations de l’Observatoire de Meudon pendant |’ éclipse de Soleil du 17 avril, 154, 
1019.—Errata, 154, 1196. 

Rapprochements entre les étoiles temporaires et le Soleil. Explication simple des 
étoiles temporaires, 154, 1321. 

Relations des protubérances avec les filaments et alignements des couches supérieures 
de l’atmosphére solaire, 155, 531.—Errata, 155, 666. 

Remarques complémentaires sur les protubérances, alignements et filaments de 
V’atmosphére solaire supérieure. Influence du champ électrique solaire, 155, 743. 
Champ magnétique général des couches supérieures de l’atmosphére solaire. V éri- 

fications nouvelles, 155, 1573. 

Sur une nouvelle espéce de tourbillons cellulaires, 156, 1231. 

(With L. p’AzamsBujyA.) Variations de la couche supérieure de 1|’atmosphére 
solaire a l’approche d’un minimum de taches. Permanence des alignements, 
156, 413. 

Remarques sur les champs généraux, magnétique et électrique, du Soleil, 156, 517. 

(With L. p’Azampuja.) Lois relatives a la structure des spectres de bandes et 
aux perturbations de leurs séries arithmétiques, 157, 671.—Errata, 157, 811. 
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(With L. p’Azampuja.) Action du champ magnétique sur le spectre de bandes: 
ultraviolet de la vapeur d’eau. Propriété nouvelle des séries réguliéres de raies 
qui forment la bande, 157, 814. 

(With V. Burson.) Action du champ magnétique sur les raies de séries arith- 
métiques dans une bande de gaz de I’éclairage. Variations avec le numéro des 
raies et avec l’intensité du champ, 157, 1105.—Errata, 157, 1492. 

(With L. p’AzampuyA.) Etude précise du deuxiéme groupe de bandes de l’azote 
dans le champ magnétique. Reconnaissance de la nature des déplacements, 158, 153. 

(With A. Perot.) Contribution 4 la réalisation de champs magnétiques €levés. 
Concentration des ampéres-tours dans un trés petit volume, 158, 226. 

(With A. Perot.) Projet d’un électro-aimant susceptible de donner un champ: 
magnétique de 100000 gauss, 158, 658. 

Sur la recherche d’un champ électrique solaire, 158, 1137.—Errata, 158, 1388. 

(With V. Burson.) Etude précise des spectres de bandes, dits ‘spectres de Swan’, 
dans le champ magnétique. Division et polarisation des raies spectrales, 158, 1851. 
(With A. Perot.) Deuxiéme série d’essais pour laccroissement des champs. 
magnétiques actuels. Emploi de l’eau avec le nouveau mode de refroidissement, 

159, 438. 

Observations de l’éclipse totale du 21 aoait 1914 par la mission de l’Observatoire de 
Meudon, 159, 669. 

Préface au vol. III des tables annuelles de constantes et données numeriques, par 
M. Cuarres Marte, 159, 765. 

Remarques sur une communication de M. Boster et sur les problémes qui se 
rattachent a la rotation de la couronne solaire, 160, 437. 

Influence des canonnades intenses et prolongées sur la chute de la pluie, 164, 613. 

Contribution 4 l’influence présumée de la canonnade sur la chute de la pluie- 
Opinion de M. C. Sarnt-Saéns, 165, 304. 

Sur la réforme du calendrier, 168, 133. 

Remarques sur la constitution de l’atome et les Ue des spectres de bandes, 
168, 861.—Errata, 168, 1168. 

Observations relatives a l’éclipse totale du ater du 29 mai, faites a ’Observatoire 
de Meudon, 168, 1076.—Errata, 168, 1348. 

Remarques sur la constitution de l’atome et les propriétés des spectres de bandes, 
168, 1179.—Errata, 169, 48, 152. 

Remarques sur la constitution de l’atome et les propriétés des spectres de bandes,. 
169, 593, 745, 1365. 

Errata—relatifs & le deuxiéme de ces communications, 169, 1435. 

Allocution prononcée en prenant possession du fauteuil de la présidence, 170, 18. 

Sur la reconnaissance dans les étoiles des couches successives de leur atmosphére, et 
des variations périodiques de ces couches, 171, 451.—Erratum, 171, 760. 

Remarques sur une communication de M. V. Burson, 171, 572. 

(With V. Burson.) Recherches sur l’atmosphére des étoiles. Reconnaissance 
d’étoiles qui ont les mémes raies brillantes de l’atmosphére que le Soleil, 172, 405. 
(With V. Burson.) Jdem Reconnaissance de la couche supérieure dans quelques 

étoiles et comparaison avec le Soleil, 172, 729. 

(With V. Burson.) Recherches sur l’atmosphére des étoiles. Propriétes des étoiles 
qui ont les mémes radiations et les mémes couches de la chromosphére que le 
Soleil, 175, 121. 

Emission des rayons X, ultra X et corpusculaires par les corps célestes, 175, 506. 
—Errata, 175, 1448. 

Sur les Observatoires de montagne, 177, 226. 

Sur un €quatorial d’un type nouveau, dit table équatoriale, et destiné surtout aux 
recherches d’astronomie physique, 177, 721. 
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Observations du passage de Mercure sur le Soleil, le 8 mai 1924, a l’Observatoire 
de Meudon, 178, 1582. 

Enregistrement de l’onde explosive de la Courtine 4 l’Observatoire de Meudon, 
178, 1647. 

Idem, deuxiéme et troisiéme explosions, 178, 1864. 

Extension a plusieurs spectres de lignes d’une propriété déja reconnue sur plusieurs 
spectres de bandes, 179, 5.—Errata, 179, 235. 

Propriété commune a des spectres trés divers par l’origine et la structure. Action 
prépondérante du noyau de l’hélium, 179, 1006.—Errata, 179, 1646. 

Recherches complémentaires sur la structure et la distribution des spectres de bandes, 
180, 1454, 1980.—Errata relatifs 4 la lete de ces communications, 180, 1707. 

Recherches complémentaires sur la structure et la distribution des spectres de 
bandes, 181, 265, 387, 410. 

Progrés réalisés dans |’étude du Soleil 4 l’Observatoire de Meudon, 181, 583. 

Sur la perturbation magnétique du 26 janvier 1926 a l’Observatoire de Meudon, 
182, 296. 

Aurore boréale et perturbation magnétique du 9 mars 1926 4 l’Observatoire de 
Meudon, 182, 669. 

Perturbation magnétique du 5 mars 1926 et perturbations des premiers mois de 
Pannée, 182, 733. 

Distribution dans le temps des perturbations magnétiques terrestres, et répartition 
correspondante dans le Soleil des régions qui émettent un rayonnement corpus- 
culaire, 182, 1301.—Errata, 182, 1432. 

Loi de distribution des orages magnétiques terrestres, et loi correspondante de répar- 
tition des régions actives du Soleil, 183, 165. —Errata, 183, 328. 

Remarques sur la loi de distribution dans le temps des orages magnétiques, 183, 493. 

Loi de distribution des orages magnétiques et de leurs éléments. Conséquences a 
en tirer sur la constitution du Soleil 183, 1313. 

Remarques sur une communication de Mlle St MaRAcINEANU: ‘Recherches sur la 
radioactivité du plomb, qui a été soumis pendant longtemps au rayonnement 
solaire’, 184, 1324. 

Idem: ‘Recherches sur la radioactivité de la matiére exposée pendant longtemps 
au rayonnement solaire’, 184, 1549. 

Loi de distribution des orages magnétiques et de leurs éléments. Conséquences a 
en tirer sur la constitution du Soleil, 185, 10. 

Remarques sur une communication de Mlle St Maracineanu: ‘Effet spécial du 
polonium, du rayonnement solaire et de la haute tension sur le plomb’, 185, 124. 
Idem de M. Cart STOrMeErR sur I’action remarquable de la lumiére du Soleil sur la 

hauteur des aurores boréales, 185, 263. 

Loi de distribution des orages magnétiques et de leurs éléments. Conséquences a en 
tirer sur la constitution du Soleil, 185, 626.—Errata, 185, 802. 

Contribution aux recherches sur le spectre secondaire de l’hydrogéne et aussi sur 
d’autres spectres, 185, 905. 

Observations du passage de Mercure sur le disque solaire, le 8 novembre 1927, aux 
Observatoires de Paris et de Meudon, 185, 973. 

Remarques sur une communication de MM. Setu B. Nicuorson er Nicouas G. 
Perrakis: ‘Sur la constitution de l’atmosphére solaire’, 186, 495. 

Sur une nouvelle cométe découverte 4 l’Observatoire de Paris, 186, 1026. 

Remarques sur la communication de M. Cart Srormer: ‘Sur un éclat d’ordres 
magnétiques arrivant plusieurs secondes aprés le signal émis et son explication 
d’aprés la théorie des aurores boréales’, 187, 813. 


. Relations simples entre les radiations les plus intenses et les plus hautes des éléments 


chimiques dans l’atmosphére brillante du Soleil, 188, 20.—Errata, 188, 471. 


. Idem, 188, 669. 


929) 
1930. 
1930. 
1930. 
1930. 
1930. 
1930. 
1930. 
HOSS 
L931: 


1931. 
1932. 


1932. 
1933: 


1934. 
1934. 


1935. 
1935. 


1937. 
1938. 
1938. 
1938. 
1938. 
1939. 
1939. 
1940. 
1940. 
1941. 
1941. 
19415 
1942" 
1943. 


1943. 
1944. 


Obituary Notices 


Champ magnétique du Soleil, général et extérieur, 189, 413. 

Remarques sur une communication de M. Sirs et MiritE MacciLLavrey, 190, 637. 

Sur une cause nouvelle qui intervient pour augmenter ou modifier lintensité des 
raies et des bandes dans les spectres d’atomes et de molécules, 190, 836. 

Propriétés des séries et raies anormales dans les spectres atomiques, 190, 1250.— 
Errata, 190, 1579. 

Propriétés des raies et séries anormales dans les spectres atomiques, 191, 7. 

Raies ultimes des corps alcalins et alcalino-terreux, 191, 169. 

Remarques sur la communication de M. BERNARD Lyor: ‘La couronne solaire étudiée 
en dehors des éclipses’, 191, 838. 

Relations simples du spectre moléculaire avec la structure de la molécule, 191, 1404. 

Errata relatifs 4 la précédente communication, 192, 120. 

Relations simples du spectre moléculaire avec la structure de la molécule, 192, 521, 
1417, 1606.—Errata relatifs aux deux derniéres communications, 192, 1790. 

Relations simples du spectre moléculaire avec la structure de la molécule, 193, 1364. 

Relations simples du spectre moléculaire avec la structure de la molécule, 194, 1033, 

- 2093.—Errata relatifs 4 la premiére de ces communications, 194, 1284. 

Errata relatifs 4 une précédente communication (194, 1932, p. 2094), 195, 84. 

Sur certaines régularités qui apparaissent dans la succession des phénoménes solaires, 
197, 589. 

Relation simple et générale du spectre moléculaire avec les électrons et anneaux 
d’électrons des atomes constituants, 198, 2037. 

Relation simple et générale du spectre moléculaire avec les électrons et anneaux 
d’électrons des atomes constituants, 199, 393, 1543. 

Errata relatifs 4 une précédente communication (199, 1934, p. 1544), 200, 426. 

Relation simple et générale du spectre moléculaire avec les électrons et anneaux 
d’électrons des atomes constituants, 200, 603, 1997. 

Constante universelle des spectres de bandes. Attribution des raies de la bande a 
d’autres causes que la rotation de la molécule, 205, 1337. 

Erratum relatif a la précédente communication, 206, 220. 

Constante universelle des spectres de bandes. Attribution des raies de la bande a 
d’autres causes que la rotation de la molécule, 206, 1153, 1424, 1844.—Errata, 
206, 1767, 1932. 

Constante universelle des spectres de bandes. Attribution des raies de la bande a 
d’autres causes que la rotation de la molécule, 207, 7. 

Application a des molécules intéressantes de l’analyse nouvelle des spectres molé- 
culaires, 207, 753, 1341. 

Application a des molécules intéressantes de l’analyse nouvelle des spectres molé- 
culaires, 209, 612.—Errata, 209, 848. 

Idem Relation simple entre les fréquences d’une méme molécule a |’état gazeux et a 
Pétat liquide, 209, 865. 

Propriétés communes aux molécules hydrogénées, 210, 277.—Erratum, 210, 423. 

Applications a des molécules intéressantes de l’analyse nouvelle des spectres molé- 
culaires. Relation simple entre les fréquences d’une méme molécule dans les états 
gazeux, liquide et solide, 211, 241, 521. 

Idem 212, 28, 832. 

Application a des molécules intéressantes de l’analyse nouvelle des spectres molé- 
culaires. Etude des carbures saturés aliphatiques, 213, 98. 

Idem Etude des corps de la chimie biologique, 213, 749, 957. 

Idem Explication simple de plusieurs particularités des molécules, 215, 5, 558. 

Idem Etude d’une série nouvelle de petites fréquences, 217, 92. 

Idem Quatriéme loi de ces spectres, 217, 653. 

Idem WHydrocarbures cycliques. Isotopes, complexes et combinaisons métalliques. 
Chlorophylle, 219, 321. 
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Idem Etude des glucides et aussi de la catalyse, 220, 261. 

Idem Etude des lipides et de la catalyse, 221, 10. 

Idem Etude des protides. Résumé bref des résultats principaux sur le rayonnement 
des molécules, 221, 193. 

Sur la possibilité d’expliquer les étoiles nouvelles par la libération de la forte énergie 
condensée dans les noyaux de leurs atomes, 221, 732. 

Application a des molécules intéressantes de l’analyse nouvelle des spéectres molé- 
culaires. Catalyse négative. Composés de l’uranium et du thorium, 223, 57. 

Idem Etude des composés organosodiques, 223, 365. 

Idem Etude des organomeétalliques et des complexes, 223, 444. 

Idem Etude des composés de l’écorce terrestre, 224, 1245. 

Idem Etude des composés du silicium, 225, 165. 
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HENRY HORATIO DIXON 
1869-1953 


TE first issue of Notes from Botanical School of Trinity College, Dublin, opens 
with an article on ‘The Herbarium of Trinity College: a retrospect’, which 
ends as follows with page 14, 

‘As has already been explained the Cape Flora is for the present kept apart 
from the rest. 

‘In 1893, the Board granted the use of another room to the Herbarium, the 
one in which the British Collection is now placed. This enabled this collection 
to be consulted during the hours of daylight, without the routine work of the 
General Herbarium being interfered with, and has in many ways improved 
the comfort of the place. They further have fitted up the rooms, at one time 
devoted to the Geological Collection, as a Botanical Laboratory, and 
appointed Mr Henry Dixon as assistant to the Professor of Botany. In this 
Laboratory each student is provided with a microscope and all the necessary 
apparatus and reagents for the investigation of plant structure. During the 
seven weeks of each term, in addition to the lectures, demonstrations are 
here given, and the student is encouraged to work out details for himself at 
any hour of leisure from his other College work. Fresh material is received each 
day from the Curator of the College Botanical Gardens, F. W. Burbidge, 
M.A. In their senior year the students are invited to work out some original 
problem in plant structure or physiology, or to investigate some named 
family of plants, and prizes are awarded for the best essays on such. Prizes 
are also given for collections made within a specified time, attention being paid 
to the care with which the specimens are dried and named, no merit being 
given for rare species. 

‘The Botanical Department is still deficient in some modern instruments 
of research and in many works of descriptive botany, yet it can fairly be 
stated that the student has at his command all that is really necessary for 
even an advanced course of botanical study. 

“Perhaps, some day, the small addition of a little lean-to glass-house in the 
College Park may be granted to the department, so that experiments on the 
growth of seeds and plants, a few relating to plant physiology, and the like, 
might be conveniently carried on. Such cannot be conducted with certainty in 
our Botanic Garden Stove or Green Houses without a too serious inter- 
ference with their proper work, and the distance of the garden from the 
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College precludes the idea of such a structure as is needed being usefully 
erected there. 
Ed. Perceval Wright, M.D., 

Professor of Botany in the University of Dublin; Keeper of the Herbarium 
of Trinity College, Dublin. January 30th, 1896.’ 

The foregoing quotation gives a good idea of the status of Botany in Dublin 
no further back than when I was a schoolboy and when, in 1894, Henry 
Dixon was appointed as assistant to the Professor. He had been born in 
Dublin on 19 May 1869, the youngest of seven brothers. The family included 
two sisters. The father, George Dixon, owned a soap works; his brother, the 
Rev. Robert Vickers Dixon, was a Fellow of Trinity College, and Erasmus 
Smith’s Professor of Experimental Philosophy—and later on Archdeacon of 
Armagh. Seldom do seven brothers have such successful careers, six in 
their native city, for in Ireland most families have some members abroad. 
Robert and James managed their father’s enterprise, George Yeates was a 
barrister, William Vickers, Chief Inspector of Technical Schools, and three 
were university professors, in engineering (Stephen Mitchell), anatomy 
(Andrew Francis), and botany (Henry). Mr George Dixon died in 1871 
while his children were still young, so the burden of upbringing fell on his 
widow, Rebecca, a daughter of George Yeates of Dublin. She made a home 
for all and with her daughters—devoted aunts—had a welcome for their 
friends, and later for their pupils. When one considers this large family, so 
hospitable, so full of interest in many subjects, it becomes clear that in the 
quiet old lady with her smile and her lively mind lay the secret of it all. 

After attending Rathmines School under Dr Benson, in 1887, Henry 
Dixon entered Trinity College, the sole College (founded by Queen Elizabeth 
in 1591) of the University of Dublin. He obtained a classical scholarship in 
1890 and took prizes in Italian, his knowledge of which led, later on, to his 
being the first British botanist to recognize the value of Ricca’s work in 1915 
on the part played by a hormone in the movements of the petiole of Mimosa. 

In 1891 he graduated with first-class honours and a large gold medal in 
natural science, which in Dublin meant botany, geology and zoology. The 
last had for long been under the care of Professor H. W. Mackintosh, a 
wonderful lecturer, who looked down his microscope and saw the marvellous 
works of his Creator. Geology was taught by the Rev. Samuel Haughton, 
M.D., D.C.L., F.R.S., a veritable polymath, whose name figured in Proceed- 
ings of the Royal Irish Academy as author and office holder from 1846 to 1897. 
The Chair of Botany was filled by Edward Perceval Wright as previously 
mentioned. He was Sir Almroth’s uncle and as a traveller had enriched the 
lovely Botanic Garden; the Herbarium, already large, owes much to his 
labours as a keen systematist. 

The era in which Dixon entered the University of Dublin may indeed be 
regarded as one of its most vigorous. In addition to those mentioned there 
were the physicists George Francis Fitzgerald and John Joly. In chemistry we 
find Emerson Reynolds, with Emil Alphonse Werner as a keen youngster. 


Henry Horatio Dixon 81 


Edward Dowden adorned the Chair of English Literature—and his brother 
was Bishop of Edinburgh. There was Lecky the historian, Tyrrell the Greek 
scholar, the versatile Mahaffy and the young Charles Jasper Joly, mathe- 
matician and astronomer, with the older mathematicians Williamson and 
Tarleton also Salmon, mathematician, theologian, Provost. Thus Henry 
Dixon graduated in an atmosphere of intense intellectual activity as yet un- 
shocked by war. After graduation he studied at Bonn under the celebrated 
Professor Eduard Strasburger. In 1894 he was appointed assistant to Professor 
Wright whom he succeeded when Wright retired in the summer of 1904. In 
1906 Dixon became Director of the Botanic Garden, and after Wright’s 
death in 1910, Keeper of the Herbarium also. In 1924 he was appointed 
Regius Professor of Botany in the University of Glasgow, but when informed 
of the new age limit for retirement he declined the post. 

No account of Dixon’s moulding would be understandable without 
mention of his friend John Joly, his senior by some fourteen years. The families 
lived in the same road, and later moved to adjacent suburban homes. Joly, 
the brilliant physicist, found his young neighbour a congenial companion in 
the Alps and on his yachting cruises. The benefit to a botanist of being able 
to discuss physiological problems with a competent physicist, was, of course, 
great. Thus the names of Joly and Dixon were linked for ever as the origina- 
tors of the cohesion theory of the ascent of sap. In many university and other 
activities their names were also associated, and an ideal friendship of some 
fifty years was terminated in 1933 by Joly’s death. To his friend he left his 
house, his family heirlooms, his pictures, his books, and it was upon Dixon 
that the Royal Society of London called to write an outline of Joly’s life. 

In 1907 Professor Dixon married Dorothea Mary, daughter of the late 
Sir John H. Franks, C.B. Miss Franks was a graduate of the Royal Univer- 
sity of Ireland, and had entered Trinity College, Dublin, as a medical student 
when under Provost Traill ladies were admitted to degrees, a right then 
denied by other older universities. The hospitable traditions of the family 
were maintained in his married home, and many students and members of 
the University staff have the most happy thoughts of their kindness, none 
more so than the writer, whose privilege it was to experience a Dixon 
welcome over the long period of fifty years—and how fresh are these 
memories! Both parents had great joy in the successes of their sons, the eldest 
Joly being a nerve specialist, a Member of the Royal College of Physicians 
in practice in Glasgow; his slightly younger brother, Kendal Cartwright, 
lectures in pathology at Cambridge and is a Fellow of Kings, to which 
dignity the youngest brother has also been elected as a biochemist. 

“Through the generosity of Viscount Iveagh* a new School of Botany was 
erected in 1907. It bears throughout marks of the Professor’s forethought. No 
building ever had less space wasted in passages, etc., or rendered useless by 
inadequate lighting. Its plan and elevation are figured in the British Associa- 
tion Handbook to the Dublin District (1908). Much time was spent in adding 


* Later the first Earl of Iveagh. 
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to the already good cabinets of plant sections or mounted micro-flora, also 
in preparing hundreds of lantern slides from photographs of the slides or of 
text-book figures. The courses in the School were also illustrated by specimens 
received from its own Botanic Garden, a little over a mile away. This, which 
replaced an earlier garden elsewhere, had been opened in 1806. It was walled 
in early in 1807, and in the spring of 1808 the planting of trees, shrubs, and 
herbaceous plants commenced. 

In his article in the British Association Handbook, Dixon wrote, “The School 
of Botany is also fortunate in possessing a Botanic Garden of 8} acres,* situated 
at Ball’s Bridge, and founded in 1806. The inner garden contains a collection 
of the principal natural orders of hardy plants for teaching purposes; while 
in a series of seven glasshouses are grown tender and tropical exotics; there 
are also several ponds for the cultivation of water and marsh plants, and 
suitable conditions are provided for the cultivation of trees, herbaceous, 
alpine, and bulbous plants.’ Thus we see that the Garden was already old and 
well stocked when Dixon took charge, yet he improved it and introduced 
more than seven thousand species, including Arthur Kerr’s notable collec- 
tion of Siamese orchids which Sidney Wild, the Cambridge-trained head 
gardener, tended so sedulously. The re-painting of the labels was whole- 
time work for one man, but Dixon started to replace them with black and 
white glazed stoneware supplied by a German firm. When his assistant, our 
--work in Michaelmas term included the listing of the labels which were 
required and the drawing up of the seed-lists for exchange with other gardens, 
taking care to bring all into conformity with the Index Kewensis. We were 
not, however, limited to our own gardens for specimens. Sir Frederick 
Moore, Director of the Royal Botanic Gardens at Glasnevin was always 
most helpful in supplying our needs, especially those from their fine collec- 
tions of tree-ferns and other tropical plants. Dublin is also fortunate in hav- 
ing within easy reach both clean rocky coasts and mountains with woods, 
streams and bogs, acid soil, as well as limestone, sand dunes and Palaeozoic 
areas at Howth and Bray Head. The latter provide habitats very well suited 
to inland, maritime and marine lichens. 

In the heavy task of organizing and equipping the new School, the Professor 
was nobly aided by his assistant Louis Bouvier Smyth, who graduated with 
first place in the Natural Science Moderatorship Examination in 1906, and 
after Joly’s death late in 1933, succeeded him in the Chair of Geology. No- 
body had more cause to value Smyth’s work than had the writer, for follow- 
ing Arnold Henry—a medical stop-gap for a year—I came across from 
Chemistry, full time, in 1911 to conduct a course already well provided with 
teaching requirements. Furthermore, very shortly after his appointment, the 
Professor took on a red-headed boy, Joe, and Mr Joseph Murray was truly a 
pillar of strength to him till after his retirement. When in 1937 Dixon 
delivered the Croonian Lecture it seemed natural that Joe should be there 


* I am indebted to E. J. Bourke Esq., City Surveyor and Waterworks Engineer for kindly 
ascertaining for me the exact area. 
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also. Mr Murray died rather suddenly in January 1954. Another very like- 
able figure seen in the School was Mr Polly, the head groundsman of the 
College. But the great event daily was the arrival of Professor Joly for a tea 
and toast lunch with our Chief. The assistant, demonstrators and students 
were often invited—and life sparkled. 

The elementary lectures were always delivered by the Professor; each was 
followed by a practical class in which his assistant and demonstrators taught 
under his supervision. The class also visited the Botanic Garden. This course 
was published in 1922 as Practical plant biology and a second edition appeared 
in 1943. Starting with the use of the microscope, it deals first with the 
structure and physiology of unicellular plants and bacteria, and simple 
cultures are made. The medical student is thus, at the start of his career, 
brought to understand the meaning of infection and sterilization. Special 
attention is paid to the real appreciation of the sizes of objects seen under the 
microscope, measurements being made in three dimensions. To facilitate 
this Dixon introduced a ‘ghost micrometer’, a strip of glass held on a stand 
in front of the mirror of the microscope. This had a photograph of a grid of 
squares, and by manipulation of the condenser the grid could be seen with 
the objects on the stage. Calibration of the grid under the various objectives 
was simply carried out with a micrometer eyepiece. Before hitting upon this 
simple device he used a suspension of yeast cells, each about 10 microns in 
diameter. 

Types of algae and fungi are then considered, followed by the liverworts, 
ferns, gymnosperms and angiosperms. The whole course is constructed to 
illustrate evolution, and the final lectures deal with this, nuclear division and 
theories of heredity. Thus one does not wander from the green leaf, root 
and flower back to the unicellular organisms, but progresses mentally in the 
same direction as was followed in plant evolution and is followed in its life - 
history by every plant. This course is recognized by past students as con- 
stituting a landmark in their education, and its creation must be reckoned as 
Dixon’s greatest success as a teacher. Many years after he had attended it a 
distinguished surgeon told me that it was the first thing in his education that 
had really made him think. For the practical classes, which might run to 
150 in peace time, about a dozen demonstrators were taken on. 

The elementary course, in rhyme, even found a place in the College 
magazine, 7.C.D. The: Professor liked the version and asked for a copy. 


One stanza may perhaps be quoted: 


‘Sphaerella and the giddy fast-gyrating Volvox soon 

Shall come again and eddy in the light of April’s moon 
When the ovules of sweet Lilium are mitotically engaged 
And the carpels of Ranunculus are in golden yellow caged.’ 


Those taking the course in Natural Science for an honours degree 
(Moderatorship) specialized in the last half-year of the four years’ course 
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in one subject out of the three. It was held, and the writer still holds most 
emphatically, that an early specialization in any one science is most deplor- 
able. The very limited numbers taking the honours course ensured that under 
Dixon each student received that personal contact which can prove so 
stimulating. Old students who returned had the pleasure of realizing that 
the courses were undergoing a ceaseless revision and were being illustrated by 
the Professor’s new lecture experiments or beautiful cytological preparations. 

Soon after Wright’s death Dixon succeeded in having an addition made 
to the east end of the school, so that by 1912 the Herbarium was housed better 
than ever before, in a lofty well-lighted room, together with many floristic 
works. The labour of moving, sorting and treating hundreds of bundles to 
destroy insects was immense, and was carried out with but little assistance. 
Its library included the books presented by Dr E. P. Wright. Among its 
possessions may be noted a British collection, rich in species and varieties, 
including the gatherings of Mackay, Greville, Balfour, Henslow, A. G. More, 
W. H. Harvey and others; and a collection of algae, with many type- 
specimens, the work of Harvey, Agardh and Mueller. 

One thinks of Dixon as a physiologist, but in his earlier years he made 
important contributions to cytology; these include work on the chromo- 
somes and the first mitosis of the spore-mother cells of Lilium (which described 
for the first time the real behaviour of the chromosomes in meiosis), as well as 
_ work on the mitosis of the nuclei of the endosperm of Fritillaria imperialis. 
He also studied the resistance of seeds to high and low temperatures and to 
poisons. His experience when studying the temperature of the under- 
ground organs of plants led to his thermoelectric method of cryoscopy, used 
in so much of his later work on osmotic pressure. As a memory of his love of 
sailing we have his papers with Joly on coccospheres, coccoliths and the 
marine phytoplankton of the east coat of Ireland. 

Outside the University, Dixon’s activities were largely connected with the 
Royal Dublin Society, which fosters scientific research, agriculture, music, 
distributes radium emanation, and runs the famous Dublin Horse Show and 
Agricultural Shows. In this he served on various committees and on the 
council. He was for many years a Vice-President and was President from 1944 
to 1947, the normal term of three years. He was also on the committee 
of the Imperial Bureau of Mycology, London, a Visitor of the Glasnevin 
Botanic Gardens, a Trustee of the National Library of Ireland, and a Com- 
missioner of Irish Lights. The latter involved a yearly inspection of light- 
houses and lightships, a service still maintained by the British Government. 
To be hauled up a lighthouse and lowered again into a small boat in the grip 
of Atlantic rollers is no nominal undertaking. 

In 1908 Dixon was elected to the Fellowship of the Royal Society of 
London, and in 1917 he received the Boyle Medal of the Royal Dublin 
Society. In 1922 he was President of the Botanical Section at the British 
Association Meeting in Hull. The photograph reproduced in this article 
shows him as he then was. 
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In 1927 Dixon went as visiting professor to the University of California, 
a result of the exchanges initiated by the British Educational Mission which 
had visited the States a few years earlier. The beauty of the country, the 
vast scale of the University, the keen scientific discussions, and the warmth of 
the personal welcome made a deep impression upon both the Professor and 
his wife. The visit was marked in their family history by the christening 
of their youngest son as Henry Berkeley, born in 1928. In 1937 Dixon was 
elected a Corresponding Member of the American Society of Plant Physio- 
logists, an honour which brought him pleasant memories of his friends. In 
1948 he received their Charles Reid Barnes Life Membership award. 

In 1949 both H. H. Dixon and E. A. Werner were elected honorary 
fellows of Trinity College, Dublin; Dixon then 80 and very fit was ‘dined on’ 
in June. Poor Werner I found very cheerful at 85 but confined to bed with a 
sudden attack of bronchitis. To him also I am deeply indebted for much 
inspiration and kindness. 

At the end of the Michaelmas term, 1949 Dixon resigned his Chair, but for 
some time longer he retained his post as Director of the Botanic Garden. It 
was with great pleasure that my wife and I met the Professor, his wife and 
our own son, recently one of the Professor’s students, when their ship reached 
Goteborg in early July 1950. But after visiting the beautiful Tradgarden 
the Dixons went on to Oslo that day, and we met later at the Seventh 
International Botanical Congress, Stockholm, of which he had been elected 
an Honorary President. By this time the doyen of British botany, not very well 
before leaving Dublin, had recaptured an amazing buoyancy of mind and 
body. We had a delightful time at various functions and excursions, and the 
Professor contributed two short papers in the section of plant physiology. 
Sir John and Lady Russell were at the Congress also, and it was pleasant to 
see how cordially both men were greeted everywhere. 

The Belfast Meeting of the British Association, 1952, was also attended by 
Professor Dixon. He had been there in 1902. 

We see thus a great teacher and organizer, who had built up a fine school 
of Botany and had done much research in spite of very limited means, very 
limited because at the time of the 1914-1918 war Trinity had backed the 
horse that won in Europe but lost in Ireland. The post-war Royal Commis- 
sion had recommended large initial grants to Oxford, Cambridge and 
Dublin, to be followed by annual grants. Then came the Lloyd George 
surrender and Trinity got nothing, till about twenty-five years later Mr De 
Valera’s government gave £30000, a great help. 

Some thousands of our graduates and students served in the 1914-1918 
war and over 460 fell—as volunteers, for conscription was not applied in 
Ireland. Dixon felt very keenly his inability to be of more active use, but hear- 
ing from friends in France of the dire need of sandbags, he and his wife 
organized working parties; they made and sent out thousands of the bags 
so sorely wanted. Also when shell parts began to be made at the Inchicore 
Works of the Great Southern Railway, he rode out daily after his morning 
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iectures and worked at gauging the parts till a team of girls could be trained 
in. Later on when I appealed to him for help in the identification of aircraft 
timbers he examined my specimens, sent from Egypt, and got many others. 
Such was the origin of his paper on the identification of different kinds of 
mahogany, published in 1918 by the Royal Dublin Society with many costly 
plates, an expense which became a profit as the entire issue was bought up, 
mainly by the timber trade. When we met again the Professor told me that 
among all the specimens there had been no new structure or combination 
of special botanical interest. 

It was typical of Dixon that he worked with the simplest apparatus, each 
step having been thought out carefully. These methods he applied to the 
needs of living, such as that of boiling a kettle with damp gorse in the wilds 
of Kerry. Thick leather gloves, a wire cutter, and an iron rod ending in a 
hook gave the means of applying small pieces of combustible matter immedi- 
ately below the centre of the kettle. Enough boiling water to make tea for six 
or seven people was thus produced in ten minutes in a field soaked in a Kerry 
mist! 

In the list of references there is one to a letter, in Nature, on mercury 
bubbles. This he never mentioned to me and for the first time I read it last 
week. These surprising bubbles he observed on boiling water over a layer of 
mercury. The bubbles consist of 150 to 200 mg mercury and may last 15 to 
- 30 seconds. The diameter was observed to be just under 20 mm—and one 
bubble of this size lasted 75-6 sec. From these observations the mean thickness 
of the film was found to be 10 microns, thinner in places as a thickening 
developed on the under surface. So much was thus found out so simply— 
read it and see! But his first publication concerned the walking of arthropods 
and was dated from the Physical Laboratory, where he took instantaneous 
photographs of small animals. 

Pressure of other work prevented the following up of some of his early 
papers. He showed how to grow seedlings in sterile culture. He suggested 
and figured the differential manometer for the study of respiration rates. 
This was published in The Notes. His study of the action of radium on seeds 
and bacteria, carried out with J. T. Wigham, furnished a theme for many 
other workers. 

But the main line of Dixon’s work for many years arose out of his collabora- 
tion with Dr John Joly when in 1893 they published the tension theory of the 
ascent of sap in trees. In this work a problem of long standing was attacked, 
and a rational explanation found as to how the sap is raised in high trees. 
The theory, now generally accepted, led to physiological and physical 
experiments of a high order. It was supported also by the anatomical study 
of the conducting tracts. Among the researches carried out by Dixon in this 
connexion were investigations on transpiration into a water-saturated 
atmosphere; on transpiration into various vapours and gases; on transpira- 
tion in dead branches; on the tensile strength of water; on the tensile strength 
of sap, and on the strength of cell walls; also on the resistance experienced 
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by the transpiration stream. In these researches he further established the 
tension theory, replied to criticisms on it, and showed that the cells of the leaf 
have often an active part in applying the tension to the sap; also that this 
tension is transmitted downwards through the tree, and raises the sap in the 
stem without the intervention of any forces due to the living cells of the 
stem. Using his thermo-electric method of cryoscopy with sap pressed from 
leaf cells he was able to determine their osmotic pressure and to prove that 
this was adequate even in the case of very tall trees. He had previously partly 
solved this problem by a direct method, abandoned on account of its danger. 
Watching the reflexion of the experimental vessel in a mirror he observed 
that the walls had begun to bulge—and then! 

To join in the work on the cryoscopy and composition of sap was my good 
fortune. In spite of the evidence to the contrary, afforded by an examination 
of the pressed sap under the microscope, it was shown by Marie and Gatin 
that the usual method of extraction by direct pressure, which we and others 
had used, did not in fact give the true concentration. Immersion of the 
tissues in liquid air suggested itself to the Professor as the way out. The cells 
are rendered permeable so that even zymase can be obtained from yeast. 

But for the study of the transpiration stream it was desired to get the liquid 
out of the vessels and tracheids, free from contamination by the contents of 
the living cells of the medullary rays or phloem. What about spinning pieces 
of a woody stem in the Leune centrifuge? This query, posed by the Professor, 
started us on an examination of the sugars in the sap, of its osmotic pressure and 
electrical conductivity. The carbohydrates stored in cells of the parenchyma 
and medullary rays became mobilized as sugars in the spring and, passing 
into the transpiration stream, these were carried up to supply the needs of the 
young branches and leaves. But as shown by others later, the downward 
supplies from the leaves in active photosynthesis pass in the phloem—hard 
though this is to explain in terms of the flow of liquid. 

This very happy collaboration was ended by the war. The drawback of 
working with our Chief was just this—nowhere else ever seemed as good. But 
at least like the cat that lays its mouse on the doormat for its mistress to see, 
one could have the fun of bringing back—or posting back—results for 
criticism or approbation, and to several of us the Professor extended the 
courtesy of a place in The Notes for reprints of papers published by the Royal 
Dublin Society. The Notes, begun in 1896 were interrupted, like much else, 
in 1938, the last paper being Dixon’s ‘Subaqueous transpiration’, a concise 
and conclusive reply to criticism of his earlier work. He showed, taking 
additional precautions to ensure that there was no water deficit in the leaves 
and stems, that the leaf cells do in fact abstract water from the tracheae and 
secrete it on the outer cell surfaces. 

Harking back though to earlier days, in 1909 Dixon was asked to con- 
tribute to the international journal Progressus Ret Botanicae. ‘The resulting 
communication afforded a standard account of the theory of the ascent of 
sap and of the experimental evidence which had been accumulated around it. 
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This publication was, however, brought up to date and extended in Transpira- 
tion and the ascent of sap in plants (1914). The work is a model of exact scientific 
method applied to the complex conditions prevailing in the plant. When it is 
remembered that the greater part of the book is a record of methods devised 
by the author himself and, although in some places carried out in collabora- 
tion with his pupils, yet always guided by his own scientific insight and learn- 
ing, it does not seem too much to hope that it will remain an enduring 
monument of the author’s principal contribution to botanical science. Save 
for the first six words, the foregoing paragraph is almost an exact quotation 
from an unsigned report issued by the Royal Dublin Society in 1917, when 
its Boyle Medal was handed to Professor Dixon by the President, The 
Right Hon. Lord Rathdonnell, H.M.L. From internal evidence I feel sure 
that the author of this report was Professor John Joly. 

Just too late for the 1914 book was an extension of some earlier work, in 
which the Professor and Miss Marshall showed that a quantitative examina- 
tion of the areas of the wood of trees afforded support to the functions assigned 
to such tissue. Then followed work on the primary sugar of photosynthesis, 
with T. G. Mason, who after the war launched forth into a notable series of 
papers on the movement of sap constituents in various tropical plants. “The 
transport of organic substances in plants’ was the subject of Dixon’s Presiden- 
tial Address to the Botanical Section of the 1922 British Association in Hull, 
as also of his paper at the Toronto Meeting in 1924. His three lectures before 
the University of London, published as The transpiration stream (1924) brought 
the subject up to date, including his work with Ball, who took my place in 
1920. Sir Nigel G. Ball, Sc.D., has kindly supplied the following outline of 
their joint work and of cognate work by Dixon and others. 

‘It was my privilege to be associated with some of Professor Dixon’s 
researches between 1919 and 1924. First of all, at his suggestion, a sensitive 
thermocouple such as he had employed in some of his earlier work was used 
to measure the heat produced during the inversion of sucrose. By this means 
the gradual rise in temperature of the experimental flask above that of a 
control, amounting in all to about 0-4° C, was followed easily and accurately. 

‘Later, in continuation of earlier work by Dixon and Poole on ‘“‘Photo- 
synthesis and the electronic theory”’ we examined the effect of chlorophyll on 
the sensitization of photographic film to red light at the temperature of 
liquid air. Using collodion plates a positive result was obtained. This sug- 
gested that the formation of the latent image in red light was due to dis- 
placement of electrons in the chlorophyll molecule, since chemical action 
was out of the question at the low temperature. Progress in recent years 
towards the elucidation of the mechanism of photosynthesis has been so 
marked that early experiments such as these are now of little interest, but the 
fact that even before 1920 Dixon had begun to think of photosynthesis in terms 
of electronic displacement is worthy of record. 

‘About the summer of 1921, Dixon became interested in the problem of the 
transport of organic substances downwards in plants. Calculations based on, 
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the amount of carbohydrate passing into a potato tuber during the growing 
season and on the cross section of the phloem seemed to indicate that this 
tissue was quite inadequate as a conduit. The only other available conducting 
tissue was the xylem, and reasons for thinking that this was in fact responsible 
for transporting organic substances were given in a joint letter to Nature in 
February 1922. These arguments were followed up and extended by Dixon in 
his Presidential Address to Section K of the British Association the same year. 
Later, in the hope of obtaining further evidence as to the tissues responsible 
for transport, we commenced a study of the transmitting regions of the 
cotyledons of certain seedlings. Large quantities of organic substances are 
translocated through these regions during germination, although the 
amount of water passing through them is very small. Dixon himself 
undertook the major task of investigating the seedlings of Lodoicea and 
Phoenix, while I studied that of Vicia. The presence of large amounts of xylem 
in regions where it did not appear to be required for water transport 
seemed to support the idea that it might be responsible for conducting 
carbohydrates. 

‘As early as 1896 Dixon had estimated the osmotic pressure of leaf cells 
by exposing branches to compressed air and had found that by this means it 
was possible to cause a backward flow in the xylem. At his suggestion we 
repeated the experiment in 1923 to see whether or not the liquid forced out 
of the wood contained sugars. On exposing branches to 20 atm., liquid 
emerged from the cut end of the stem. This liquid was found to be free 
from sugar. Although this experiment gave no support to the hypothesis 
that sugars moved downwards in the wood under normal conditions, the 
arguments in favour of this view still seemed very strong. They were sum- 
marized soon afterwards by Dixon in one of the three lectures given before 
the University of London in January 1924. 

‘The chief value of Dixon’s earlier contributions to the problem of the 
translocation of organic substances in plants is that they served to clarify the 
issues and to draw the attention of others to the need for further research. 
Prominent among these was his former student, T. G. Mason, who, in 
collaboration with E. J. Maskell and later with E. Phillis, carried out a long 
series of investigations on the movement of organic substances in the cotton 
plant. These experiments showed that the phloem was, in fact, responsible 
for the transport. Dixon himself soon accepted this view, which has since been 
abundantly confirmed, although the way in which the movement takes place 
has still not been satisfactorily explained. In his.paper on ‘bast-sap’, pub- 
lished in 1933, he showed that liquids could be forced under pressure through 
the sieve tubes, and produced evidence for the existence of a gradient of 
osmotic pressure in the bast-system. In 1936 he published the results of 
ingenious experiments on the convection of heat in stems. These gave an 
indication that a downward movement in the phloem could occur at the same 
time as an upward movement in the wood. Finally, in his Croonian Lecture 
to the Royal Society in 1937, he devoted some attention to the transport of 
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organic substances and reconsidered the problem in accordance with what 
was then known.’ 

In an old letter, preserved in the gift of his 1914 book, I have his account of 
the work, referred to by Ball, and published in 1936. ‘I believe I have got very 
beautiful evidence of downward mass movement in the bast.’ Then follow 
two diagrams, the plan and profile of his heating element with two thermo- 
junctions inserted in a stem, and the galvanometer deflexions given by 
the junctions when the heat was switched on and off several times within 
200 minutes. Thus simply by distinguishing between heat transferred by 
convexion and by conduction he was able to follow the flow down and up in 
phloem and xylem respectively. 

With this letter lay an older one, of March 1924, and in it ‘I have gone 
over C ’*s work again and I don’t see why blocking won’t explain all his 
results. Injury to the living cells must act in two ways, (1) by introducing 
pathological substances into the tracheae and, (2) by stopping the introduc- 
tion of digestive enzymes the function of which is to keep the tracheae clear. 
It may be significant that the companion-cells, the medullary ray cells and 
wood parenchyma cells generally have the granular protoplasm and large 
chromatin-rich nuclei characteristic of glandular cells.’ All through Dixon’s 
work one finds this close linking of form and function. 

When Ball left for Ceylon in June 1924, Dixon had already turned his. 
attention to the study of variations in the permeability of leaf cells, with 
which transport through the phloem was closely associated. This was 
continued with his new assistant T. A. Bennet-Clark, who remained till 
December 1930. The very fruitful collaboration resulted in six important 
papers, the last appearing in 1932. Such arduous experimental work did not, 
however, chain to earth Dixon’s soaring probes into evolution, a topic never 
very far from his thoughts. A letter to Nature in 1929 suggested that cosmic 
radiation, by its random influence on the genes, might influence evolution 
and “The control of differentiation’ was his topic at the Amsterdam 
Congress in 1935. Of the work and period during which they were associated 
Professor T. A. Bennet-Clark, F.R.S., has kindly furnished the following 
account. 

‘Dixon’s interest in the problem of transport of organic materials developed 
around the time of his Presidency of Section K of the British Association. 

‘He was particularly impressed (following his own work on rates of 
transport) by Ricca’s demonstration of downward transmission of the 
hormone stimulating the pulvinus of Mimosa. This was shown by Ricca to 
move in the xylem almost certainly. 

‘It suggested to Dixon a mechanism by which the xylem might carry 
both upward and downward currents of water or solutions: the idea was. 
that a local loss of semipermeability of leaf cells would cause an emptying 
out of those cells due to their former high hydrostatic pressure and the 
tension in the xylem columns. 

“This inspired a series of studies of factors influencing permeability of leaf 
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cells. The method developed was measurement of electrical conductivity 
which, broadly, gave an estimate of permeability to ions. 

‘The effects of a variety of stimulation treatments were studied (with his 
assistant at the time, T.A.B-C.) and, largely on a basis of analogies with 
studies of nerve and muscle, the effects of electrical stimulation were specially 
examined. Such stimuli are effective in evoking the Mimosa response and 
characteristically cause increases in permeability of leaf cells. It seemed 
likely from parallel studies of effects of electric fields on water-in-oil emulsions 
that the mode of action of this electrical stimulation was a temporary break- 
down of structure of plasmatic membranes. 

‘It is, of course, the case that while these studies were in progress the work 
on transport of organic materials in the cotton plant were being undertaken 
in Trinidad by one of Dixon’s former students in collaboration with Maskell 
(now Professor Maskell). It became increasingly clear to Dixon that it would 
be necessary to modify his first view that phloem transport was impossible 
because of the high rate of transport in tissue which seemed anatomically 
unsuitable. The ambiguities in the available evidence were certainly subjected 
to a very searching scrutiny before Dixon could bring himself to think of 
phloem as a major channel of transport—but to this day the question of 
mechanism of transport remains a complete mystery surrounded by such 
unhelpful expressions as ‘activated diffusion’. 

‘At about this time Dr Brauner (now Professor at Istanbul) spent a year 
in T.C.D. with a Rockefeller Fellowship and worked also on permeability 
problems demonstrating polar movement of water through seed coats and 
developing a hypothesis of its mechanism as an electrosmotic phenomenon. 

‘Other research in the progress in the School of Botany at this time 
(1924-30) consisted of studies of the metabolism of succulent plants begun 
in Cambridge (by his assistant T.A.B-C.).’ 

Professor Dixon’s seventieth birthday was celebrated on 19 May 1939 by a 
gathering in the Fellows’ Common Room of Trinity, when the Provost, W. E. 
Thrift, presented him with a congratulatory address in the presence of the 
leading scientific men of Dublin, as well as of many members of the Univer- 
sity. The address was signed by his students past and present, by the staff 
of the University, and by leading botanists and representatives of learned 
societies, research institutions and commissions in many lands. The signa- 
tories numbered about 560. Absent in 1939 I had the privilege of attending 
the family party in celebration of his eightieth birthday. His sense of humour 
and his keen enjoyment of life remained unabated. He was, I think, the most 
uniformly serene and happy man I have ever known. Never did I think I 
sheuld break off the reading of Joly’s obituary, as written by Dixon, with a 
quiet chuckle, but I did—as he recounted one of the impish pranks of Joly’s 
boyhood. An account of the above-mentioned presentation appeared in 
The Irish Times, and on the reverse were articles on the Stewart Institute for 
Imbecile Children and the neglect of history in Irish schools. I.am sure 
Dixon laughed at ‘And who was Cleopatra?’ ‘She rode through the streets of 
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Coventry on a white horse.’ ‘And where is Coventry?’ ‘In Greece.’ ‘Do you 
learn history at school ?’ ‘No, only Irish history.’ “Well, who founded the city 
of Dublin?’ ‘Brian Boru.’ Personally, I do not believe it. But stranger things 
have happened—so it concluded. 

Ball has already referred to the work, cognate to that while he was assistant, 
which culminated in the Croonian Lecture. Then came, in 1939, with John S. 
Barlee an ingenious experiment whereby the tension in the sap could be 
demonstrated by leaf movement—the method was explained also at the 
Stockholm Congress. 

As previously mentioned Dixon returned again, in 1938, to the mechanism 
of transpiration and did so yet once more in 1940 with Barlee. Taking the 
necessary precautions they showed that saturation of the surrounding water 
with air and the evolution of oxygen in photosynthesis favoured sub- 
aqueous transpiration; also that replacement of oxygen with nitrogen 
depresses and ultimately inhibits the upward movement of water. Anaes- 
thetization reduces or stops it. Here we find the last experimental work he 
published. 

This time war brought larger numbers to Dixon’s classes. For though the 
blood of their fathers impelled many T.C.D. students to fare forth, there were 
yet male persons who found the neutral South of Ireland an equivalent to the 
crossing of Jordan into the promised land and persuaded themselves that 
_ residence in Dublin was unlikely to involve any premature citizenship of 

Jerusalem the Golden. I have been credibly informed that the five bombs 
which somehow did fall were wonderfully efficacious in the promotion of 
piety. 

Heavy teaching duties, lack of many things—of gas in particular—and 
increasing years brought research to a standstill. But, probing the past, 
Dixon’s restless mind suddenly perceived a meaning for the arrangement 
of the dividing nuclei in the endosperm of Fritillaria imperialis, in the slides 
long prepared and by then almost objects of veneration. He suggested a 
mitotic hormone and this, with eighteen beautiful plate figures was, in 
1946, his last contribution to the Scientific Proceedings of the Royal Dublin 
Society, though his Presidency of the Society extended till December 1947. 

The mitotic hormone was also his second subject at Stockholm. I recall 
that Professor H. W. Mackintosh, in his lectures on malaria, would pull his 
puzzled class together, with ‘And you will ask me where this is—and I will 
tell you that it is in the stomach of a mosquito—and you will ask me why— 
and I will tell you that I do not know.’ 

Dixon too asked why—but the why of nuclear division is unlikely as yet to 
be answered, though the suggestion of its initiation by a diffusing substance 
may very well be the child’s first step to knowledge—by the joint-author of 
the Tensile theory of the ascent of sap. 

Shortly before leaving “The School’ he wrote ‘Few can have experienced 
such continual kindness and help from assistants and pupils—more than 
kindness—self-sacrifice and affection.’ Have you seen how dim bright stars 
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look when seen at night in calm water? The reflexion was what reached our 
Chief. 
After his retirement Dixon spent much time in his bungalow at Dooks, 
Co. Kerry. This when enlarged held the two younger families also, with 
four grandchildren. In Dublin tennis had been his early recreation, and 
indoors his pianola, played with great expression and musical appreciation 
—Wagner he loved especially. But at Dooks there was bathing, golf and 
sketching. He and Mrs Dixon, also the artist friends who loved to visit them, 
found great peace and joy in the wonderful panorama of their wide valley 
with its mountain ranges north and south, its river—and the Atlantic 
tongue to the west. Such loveliness has Kerry, with its smoke-free clearness 
passing through every intensity of blue haze to the white obscurity of cloud- 
capped mountain and sea fog—they painted all. 
His retirement was not entirely spent in Dooks however—there was 
Norway and Sweden in 1950, and early in 1952 Italy, with Florence and 
Venice. But from Kerry—‘You asked if Dorothy made many sketches. She 
only did two or three. . . One picture of Coomnasagharn lake and one of the 
north side of Dingle Bay from Rossbehy seem to me very lovely.’ It was to this 
lovely lake, which comes in sight so surprisingly in its mountain bowl, that 
Mrs Dixon drove us the last day I spent with them in May 1952, just after his 
83rd birthday. The next year his powers slowly declined and he died in his 
Dublin home on 20 December. From Oliver Gogarty’s Non Dolet I quote: 


‘Our friends go with us as we go 

Down the long path where Beauty wends, 
Where all we love foregathers, so 

Why should we fear to join our friends? 


Nor, after Caesar, skulk in Rome.’ 


W. R. G. ATKINS 
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JACK CECIL DRUMMOND 


1891-1952 


Early Years: 1891-1914 


Jack Ceci, Drummonp, the only child of Major John Drummond of the Royal 
Artillery and Mrs Drummond, was born at Leicester on 12 January-1891. His 
school education was received at the Roan School, Greenwich, and at Strand 
School, London. While he was very young his parents died in India, and he 
went to live with an elderly uncle and aunt, Captain and Mrs Spinks, Mrs 
Spinks being the sister of Jack’s father. Captain and Mrs Spinks, having no 
children of their own, brought up young Jack as their own child, but their home 
seems to have been rather bleak and run on rigid lines, Mrs Spinks being a strict 
nonconformist and insisting on Jack’s accompanying her to chapel until he 
was quite a young man. Captain Spinks was a Crimean veteran and a keen 
gardener, and it is probable that from him Jack first acquired an interest in: 
and love for flowers. Certainly it is recorded that from an early age he was 
absorbingly interested in the countryside, especially in wild flowers, birds and 
aquatic life. His interest in birds was outstanding until the end of his life. 

A talent for drawing showed itself during his boyhood days, and from this 
emerged an interest in photography which was probably the beginning of a 
growing attraction to chemistry. Chemistry was a subject in which he 
excelled at school. 

He appears not to have been an especially outstanding schoolboy either 
with respect to lessons or to sports. He was not particularly robust and showed 
no great athletic powers although he played cricket with zest. The stimulus 
of the need to pass the London Matriculation Examination spurred him on to 
appropriate efforts, and in 1909 he entered East London College (now 
Queen Mary College) from which three years later he graduated in chemistry 
with a first-class honours degree of the University of London. At East 
London College he met Mabel Straw, a fellow student whom he later 
married and who in time became known to many biochemists from Great 
Britain and from abroad as a gracious and kindly hostess. 

With his military background it was natural that he should early take an 
interest in Army affairs, and he was in the Special Reserve of Officers, holding 
a commission in the East Surrey Regiment for a year or so before the out- 
break of the 1914 war. In spite of his preparedness his heart was found to be 
weak in some way, and he reluctantly had to resign his commission. 
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For a few months after graduation in 1912 Drummond did some research 
work in organic chemistry under Professor J. T. Hewitt, but shortly came an 
invitation which determined his whole life’s work. Drummond’s choice of 
biochemistry as a career came about by accident and not by design. In 1912 
Dr O. Rosenheim was carrying out research at King’s College, London, in 
the Department of Physiology, of which Professor W. D. Halliburton was the 
Head. At that time Rosenheim was directing among other researches the 
investigations of Dr W. Bain, a well-to-do Harrogate physician who worked 
intermittently in the Department of Physiology. Bain was investigating the 
- reported occurrence of pressor bases in normal urine, and in the course of this 
research it became necessary for him to work up several hundred litres of 
material, an undertaking for which he required assistance from a chemist. 
Rosenheim asked his old friend, Hewitt, to recommend one of his advanced 
students for this purpose, and Hewitt sent Drummond along. Bain then 
engaged Drummond as his assistant with a modest salary, and after much 
tedious work Drummond succeeded in isolating about 80 mg of crude 1s0- 
amylamine oxalate from 400 litres of urine. The purified substance was 
identified by melting point and microanalysis, a novelty in those days, since 
Pregl’s micro-methods had only just been developed. In the publication (by 
Bain alone—Quart. J. exp. Physiol., 1914, 8, 229), Bain acknowledged his 
indebtedness for chemical assistance to Mr J. C. Drummond, B.Sc. 

During this period Rosenheim proposed to Drummond that they should 
collaborate in utilizing the insolubility of benzidine sulphate to work out a 
volumetric method for the estimation of the so-called ethereal sulphates in. 
urine. This work was finished in 1913 and published jointly by Rosenheim. 
and Drummond in the following year (1).* Subsequently Drummond him- 
self developed a micro-modification of this method for the volumetric estima- 
tion of total sulphur and sulphates in small quantities of urine and this formed 
the subject of his first independent publication (3). 

During his time at King’s College Drummond’s interestin biochemistry was 
enhanced by discussions with other workers in the laboratory and by contact 
with the medical students who came to the classes in physiology; Drummond 
himself attended these and many other biological and medical classes and 
ultimately became unusually well-informed in such subjects as histology and 
morbid anatomy. His biological outlook and his knowledge of physiology was 
widened by his friendship with one of the most brilliant of the medical 
students, who unfortunately was killed early in the 1914 war. Professor 
Halliburton was greatly impressed by Drummond’s general ability, and 
when the grant for assistance to Dr Bain came to an end, was instrumental in 
procuring an appointment for him as an assistant at the Cancer Hospital Re- 
search Institute, Fulham Road, London, S.W.3, in March 1914. However, 
between his appointment at King’s College and that at the Cancer Hospital 
Research Institute, Drummond became for a few months a junior member 
of the staff of the Government Chemist, a time which he spent mostly on 


* Numbers in brackets refer to the bibliography at the end of this notice. 
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analyses of steel, although even here, according to his own account, he was 
given one biochemical problem of a somewhat unorthodox type. 


Cancer Hospital: 1914-1919 


At the time when Drummond began his career in biochemistry the subject 
was still considered an adjunct of physiology. The Biochemical Society had 
only just been founded though the Biochemical Journal had been started a few 
years before. There was no formal training in biochemistry as such to be had 
in those days, but Drummond was fortunate in his early years to come 
to know Dr O. Rosenheim and Professor W. D. Halliburton, both of whom 
exerted a profound and lasting influence upon him and of whom he con- 
tinued to speak in later years of his life in terms of affection, gratitude and 
respect. Then, when he moved to the Research Institute of the Cancer Hos- 
pital, he learned much from Dr Casimir Funk, and also from the Director 
of the Institute, Dr Alexander Paine. It was under the care of Dr Paine that 
Drummond first made himself master of the methods involved in the feeding 
of diets of known composition to rats, methods which were to be of such great 
importance in his later investigations. 

In July 1912 Funk, then working at the Lister Institute, London, had 
published a paper entitled “The aetiology of the deficiency diseases’ (J. State 
Med. 1912, 20, 341), in the course of which the term ‘Vitamine’ was employed 
for the first time. This publication reviewed the existing literature concerning 
beri-beri, scurvy and pellagra, and, in advance of current views, suggested 
that pellagra, as well as scurvy and beri-beri, was to be regarded as a 
deficiency disease. In the previous year Funk had himself described (J. Physiol. 
1911-12, 43, 395) his pioneer attempt to isolate from rice polishings the sub- 
stance capable of curing the polyneuritis which develops in pigeons fed on a 
diet of polished rice. Although his product was not pure, Funk believed it to 
be a basic nitrogenous substance, almost certainly an amine, and suggested 
the word ‘vitamine’ to describe the general class of substance of which the 
anti-polyneuritic substance was one example. ‘Vitamines’, according to Funk 
(J. Physiol. 1912-13, 45, 75) were ‘nitrogenous substances minute quantities 
of which are essential in the diet of birds, man and some other animals.’ The 
fact that this courageous generalization appeared almost simultaneously 
with the classical experimental paper by F. Gowland Hopkins entitled 
‘Feeding experiments illustrating the importance of accessory factors in 
normal dietaries’ (J. Physiol. 1912, 44, 425), undoubtedly helped to turn 
widespread and serious scientific attention to the subject of accessory food 
factors or vitamins. 

When, therefore, Funk moved to the Cancer Research Institute in 
1913 and Drummond joined him the following year in the capacity of 
assistant, it was into a world of exciting new ideas in nutrition that the 
enthusiastic young man was introduced. Drummond’s first task was to assist 
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in a general chemical investigation of the phosphotungstic acid precipitate 
from rice polishings, the results of which were published jointly (2). 

Hopkins and Neville had already shown (Biochem. J. 1913, 7, 97) that 
rigorous purification of the diet of a rat was necessary for the demonstration 
of a deficiency of accessory food factors, and in their experiments the lactose 
used in the diet was several times reprecipitated by alcohol from aqueous 
solution. Taking up this point Drummond was able to show that lactose 
prepared from milk in the ordinary way contains important traces of an 
impurity which acts as a growth-promoting accessory substance in the 
rat (5). This paper confirmed in general the finding, previously observed 
by others, that no growth is possible in rats fed upon a purified diet which is 
deprived of the accessory food substances both water soluble and fat soluble. 

At this time the importance of vitamins was not the only aspect of nutrition 
under investigation. The significance in animal nutrition of the amino-acid 
composition of dietary proteins was also being revealed, and Drummond 
decided to investigate the possible effects of dietary deficiencies of protein, 
amino-acids and vitamins on the growth rate of tumours in experimental 
animals, utilizing for this purpose rats inoculated with tumours of the rous 
sarcoma type. The results were negative in that no possibility was found of 
inducing an inhibition of a tumour growth by means of such dietary restric- 
tions without very serious impairment of the nutritive condition of the host 
(10) but such a negative finding was clearly important. 

When war came in 1914, Drummond found to his regret that his health 
did not permit his service in the Armed Forces. But he, together with Dr 
Alexander Paine, almost alone carried on the work of the Research and 
Pathological Departments of the Cancer Hospital, as may be seen from the 
Director’s report for the year 1915. 

Later in the war, when Halliburton was a member of the Food (War) 
Committee of the Royal Society, he made use of Drummond’s experience in 
nutritional investigations on rats, inviting him to make comparative tests with 
butter and margarine and other butter substitutes, with reference to the fat 
soluble accessory food factors. This work was published with Halliburton in 
1917 (7) and was extended and incorporated in the report of the Food 
Committee of the Royal Society, published in 1919 (15). There grew out of 
this work an investigation of the value of synthetic mannitol olive oil as 
food (19) which was published in collaboration with W. D. Halliburton and 
R. K. Cannan, also in 1919. In the war of 1939-45, Drummond was very 
conscious of being in historical succession to the Royal Society experts of 
the first war, and often quoted his old chief, E. H. Starling, who was a 
leading figure in the Committee of the first war. 

As the result of these investigations Drummond had found an interest first 
in the water-soluble accessory food factors—vitamin B and vitamin C (9, 12, 
16) and later in the fat-soluble accessory food factors—vitamin A and vitamin 
D (17, 18), an interest which remained for the rest of his life. His concern with 
the practical application of nutritional knowledge gained in the laboratory 
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is illustrated in his paper entitled ‘Some aspects of infant feeding’ (14) 
published in 1918. Here he pointed out that the demand for accessory food 
factors was particularly evident during the period of growth, so that the 
protein and vitamin A of the tissues of the mother were made available to the 
infant at her expense if the diet was deficient in these substances. Furthermore, 
the young deprived of vitamin A not only failed to grow satisfactorily but 
were very susceptible to infection, particularly of the eyes. This was an early 
observation of the liability of a vitamin deficiency to reduce resistance to 
bacterial infection. Although he believed at that time that vitamin B was 
unlikely to be deficient in a country in which rice was not the staple cereal 
Drummond thought that human infants might well need other water- 
soluble factors, and endorsed the recommendation that orange juice should 
be given to artificially-fed infants. He pointed out that many substitutes for 
mothers’ milk must, in many instances, be seriously deficient in both accessory 
factors ‘A’ and ‘B’, but particularly in the former. He attributed the danger 
of feeding skimmed condensed milk to infants not to its shortage of fat but 
to its lack of vitamin A, and recommended that cream or cod liver oil should 
be fed to meet a deficiency of this factor where it existed. He concluded his 
paper with the words ‘It now remains for the practical worker on infant 
nutrition to apply the results of these experimental studies as soon as he is 
convinced of their accuracy.’ 

It was clear at this time that Drummond was becoming an acknowledged 
expert on nutrition and in 1918 he received the degree of D.Sc. of the 
University of London. It was, therefore, natural that he should be appointed 
to succeed Funk as Physiological Chemist at the Cancer Hospital in August 
1918, but the next year, when R. H. A. Plimmer resigned the Readership in 
Physiological Chemistry at University College, London, on his appointment 
as Biochemist at the Institute of Animal Research, Bucksburn, Aberdeenshire 
(now the Rowett Research Institute), Drummond moved to University 
College, London at the invitation of Professor E. H. Starling. Here he was a 
Research Assistant from 1919 to 1920, and was then made Reader in 
Physiological Chemistry. In 1922, at the early age of 31, he was appointed 
to the newly created Chair of Biochemistry at the College, this appointment 
being made possible by a generous benefaction from the Rockefeller Founda- 
tion. 


University College, London (1): 1919-30 


By 1920 the number of accessory food factors or vitamins known to exist 
was three, fat-soluble A, water-soluble B and the antiscorbutic vitamin C. 
The realization that two types of factor, one fat-soluble and one water- 
soluble, were necessary for normal growth in the rat had clearly emerged from: 
the experiments of McCollum and Davis in 1915 (J. Biol. Chem. 1915, 23, 181). 
In 1918, E. Mellanby recognized rickets as a deficiency disease (J. Physiol. 
1918-19, 52, xi) and subsequently showed that the antirachitic vitamin was 
associated with certain fats. Then evidence gradually accumulated that two 
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separable fat-soluble vitamins existed, one being antixerophthalmic and 
the other antirachitic (McCollum et al, J. biol. Chem. 1922, 53, 293). The 
_ former was designated fat-soluble A or vitamin A, and the latter fat-soluble D: 
~ or vitamin D. It was clear at this time that the original concept of ‘vitamines’ 
as nitrogenous bases was inadequate to account for the existence of the fat- 
soluble apparently non-nitrogenous accessory food factors, and in 1920: 
Drummond made the suggestion (22) that since the termination ‘in’ implied, 
in accordance with systematic chemical terminology, a substance of unknown. 
constitution, the terminal ‘e’ of Funk’s neologism ‘vitamine’ be dropped. The 
new term ‘vitamin’ was widely adopted and in time completely replaced. 
the former cumbrous expression ‘accessory food factor’. 
From 1920 onwards, as his own master of research, Drummond rapidly 
broadened his interests. Indeed in retrospect one may well gain the impres- 
sion that he cast his net somewhat too widely. Thus between 1920 and 1925 
his publications are concerned not only with the properties and nature of 
vitamin A and vitamin B but also with the formation of vitamin A in plant 
tissues (31) and in a marine diatom (42), the relationship of fat-soluble 
vitamins to rickets and growth in pigs (30), the effect of vitamin B deficiency 
on reproduction (62), the use of cod liver oil in the feeding of farm animals. 
(47, 48), nutrition and growth on diets devoid of fat (21, 33) and the nature 
of an alleged preparation of the anterior pituitary growth hormone (40). His 
‘interest in practical affairs took him-to the Norwegian cod-fishing fields in 
order to investigate the manufacture of cod liver oil and of the liver oils of 
other fish (34, 36, 37), and he wrote also on the selection of cod liver oils for 
medical use (63). But a broad sweep of canvas appealed to the artist in 
Drummond, and indeed he has been described as ‘like human quicksilver’ 
because of the way he darted from one thing to another, from one place 
to another, and from one problem to another, with almost childish exuber- 
ance and enthusiasm, which was in fact contagious, particularly to the 
younger men around him. He had a quick, impulsive, creative mind, whose 
main interest was in the generalities of broad questions; elaborate detail 
bothered him as a modern necessity. He disliked the careful building up 
of a vast structure of supporting evidence, preferring to rely upon his own 
wide knowledge and experience in reaching a conclusion. It was for this 
reason that his contributions to the advance of knowledge of the chemical 
nature of vitamins, depending as it did upon the laborious accumulation of 
detailed evidence, were of much less significance than his influence on 
the development of nutrition as a whole. His achievement in building up a 
school of young biochemists at University College was of especial significance 
to the growth of biochemistry in Great Britain and must remain as the mark 
of a man who, in this respect, might well be envied by many to whom 
academic laurels came in greater profusion. 

The Department of Biochemistry which Drummond created at University 
College was small and during his time was a part of a larger department of 
Physiology and Biochemistry, but under Drummond’s influence it soon 
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became an important centre of teaching and research, and exerted an 
influence on the development of the growing subject of biochemistry out of 
proportion to its size. Although most of his own work was concerned with 
some aspect of nutrition, Drummond encouraged his more senior pupils to 
develop independent lines of work, and thus the interests of the Department 
rapidly widened. He believed it to be an important duty of a Professor to 
train men for senior posts elsewhere, and in this he was singularly successful, 
infusing some of his own breezy vitality and energy into those around him, 
and meeting with so much success in the training of pupils that no fewer 
than nine of those who were his colleagues or pupils hold or have held 
University Chairs. No other School of Biochemistry in Great Britain has 
produced so many Professors as did his Department during Drummond’s ten- 
ure. The secret of his success in this is hard to elucidate. It was Drummond’s 
own habit to work hard and to play hard, and he did both with an enthusiasm 
which he readily imparted to those around him. His energy was certainly 
a most striking characteristic. Although in the 1920’s he was carrying on much 
consultant work for industry, he could always find time to discuss problems 
with a junior research worker, and even though he might not be much 
concerned with details, he would be able to make startling and sometimes 
valuable suggestions concerning the possible general developments of the work 
in hand which, for the man who was capable of responding, were of great 
stimulating force. 

Drummond was a good teacher and his lectures on his special subject of 
nutrition were outstanding. His teaching also dealt most entertainingly with 
that aspect of biochemistry concerned with the inter-relationships of enzyme 
systems within the cell (see 75). It was natural that the junior members of the 
Department should attempt to emulate their Professor in the production of 
fluent and interesting lectures, and here again Drummond’s impress on his 
colleagues was both widespread and long-lasting, and of some significance 
in the development of biochemistry as a whole. But his influence at University 
College was by no means confined to those who sought to specialize in 
biochemistry. Drummond himself was particularly good at getting over to a 
lay audience some understanding of the complexities of science, a gift which 
is given to few. He also threw himself whole-heartedly into under- 
graduate affairs and was a popular speaker at student societies of all sorts. He 
‘was a co-founder of a dining club at which students and staff could meet 
informally, which still flourishes as a memorial to his interest in the young 
man. In many a cricket match at University College, serious and less serious, 
Drummond was a zealous and apparently indefatigable player. As a 
Professor, and a teacher in the widest sense of the word, Drummond was out- 
standing in a college whose staff has never lacked brilliance and originality. 

It was during his early years at University College that Drummond 
developed an important colour reaction for vitamin A in collaboration 
with his old master and friend, Dr O. Rosenheim. In 1920 Drummond 
and Rosenheim suggested that the chromogen responsible for the transient 
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purple colour obtained when cod liver oil is treated with sulphuric acid 
might be related to the vitamin itself (20), and subsequent investigations. 
appeared to bear out this view (39). In 1925 Drummond and Rosenheim 
described the more sensitive and less transient colour reaction given by liver 
oils with arsenic trichloride, and provided evidence which strongly suggested 
that there must be a relationship between the chromogen and the vitamin 
(65). It was perhaps unfortunate for Drummond and Rosenheim that when, 
in the following year, Carr and Price replaced arsenic trichloride by the less. 
objectionable antimony trichloride, the colour reaction should have been 
widely adopted under the name of the Carr—Price reaction. In 1929 
Drummond, with R. A. Morton of Liverpool, was able to provide clear 
evidence that the quantitative use of the Carr—Price reaction was a reliable 
means of determining the vitamin A potency of cod liver oils (81). 

During these early years of research on vitamins more than one worker 
‘called attention to the apparent relationship between the presence of yellow 
pigment in vegetable foodstuffs and the activity of the latter as a source of 
vitamin A. Steenbock had observed this association in a number of natural 
foodstuffs in 1919, but had pointed out that certain exceptions occurred in 
which the presence of the vitamin was not associated with yellow pigment; he 
suggested that the colouring matter might sometimes be present in the form 
of a leuco-compound. Drummond and Coward (25), as the result of a survey 
of the distribution of vitamin A, concluded that ‘unless we assume the 
existence of a leuco form, it does not appear probable that the fat-soluble 
vitamin is a member of the lipochrome class of pigments. The frequent. 
association of the growth factor with pigments of that type must therefore be 
regarded as accidental.’ Nevertheless, Drummond, in collaboration with 
O. Rosenheim, prepared carotene, the yellow colouring matter from carrots, 
and found that it was without effect in the growth tests then in use for the 
detection of vitamin A activity (20). When subsequently it became clear 
that in these experiments the animals had been suffering from a deficiency 
not of vitamin A alone, but of both vitamin A and vitamin D, Drummond 
reopened the question of the possible vitamin A activity of carotene, 
concluding once again that carotene was without vitamin A activity (84). 
This conclusion was unfortunately incorrect, and subsequently the vitamin 
A activity of carotene was confirmed by Drummond and his colleagues (89), 
the earlier negative results being ascribed to the fact that the solvent, ethyl 
oleate, employed as a vehicle for the administration of the carotene to the 
deficient rats, tends to undergo oxidation, particularly when it is purified. 
This oxidation was found to involve the dissolved substance, especially when 
the latter was pure, and the authors suggested that the impurities normally 
present both in ethyl oleate and in carotene could serve as antioxidants. With 
characteristic generosity Drummond took the entire responsibility for this 
error on to his own shoulders at a meeting of the Biochemical Society. 

During the 1920’s Drummond and his colleagues made a number of 
attempts to isolate pure vitamin A from fish liver oils, and finally, in 1932, 
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in collaboration with Heilbron and Morton of Liverpool (98), he produced 
highly concentrated viscous liquids which were more active than the purest 
carotene then available. Although the products were not absolutely pure, 
some of them can now be seen from their properties to have contained about 
80% of a mixture of the two vitamin A isomers plus 4 to 8% of vitamin 
A. Drummond was perhaps unfortunate in having chosen to attempt the 
isolation from natural sources of a substance as notoriously difficult to purify 
and crystallize on the laboratory scale as vitamin A turned out to be. 
Drummond’s subsequent investigations on the purification and nature of 
vitamin E were similar in result. A study of the unsaponifiable fraction of 
wheat-germ oil led to the preparation of an oily product which, although 
not demonstrably homogeneous, appeared to be substantially more active 
with respect to vitamin E than any previously obtained (121, 125). After 
the isolation of a-tocopherol from wheat germ oil as a crystalline allophanate 
by Herbert Evans and his collaborators (J. biol. Chem. 1936, 113, 319) it 
appeared that the product obtained by Drummond and his colleagues must 
have been the vitamin in a state very nearly pure, although unfortunately 
there was no evidence of its purity at that time. Already, however, before this 
work on vitamin E was completed, Drummond’s attention had been turning 
more and more to an interest in practical nutrition, a matter that had clearly 
been in his mind from the time of the paper on infant feeding (14), published 
in 1918, to which we have referred earlier. 


University College (2): 1930-39 


In 1929 Drummond made a visit to Newfoundland on behalf of the Empire 
Marketing Board to study the cod liver oil industry there, a report on which 
was subsequently published with Professor T. P. Hilditch (91). Although the 
writing of this report did not escape some criticism (see Nature, Lond. 1931, 
127, 631) the information in it was of great practical value in directing 
attention to a plentiful source of high potency liver oils within the British 
Empire, a matter of some economic significance at this time. During his visit 
to Newfoundland Drummond became interested in the nutritional condition 
of the inhabitants, particularly the fishermen, whom in some instances he 
believed to suffer from vitamin deficiencies caused by a lack of the very 
vitamins which were abundant in the products they prepared. When he was 
invited to Stanford University, California, to give the Lane Medical Lectures 
in 1933, he published these under the title ‘Biochemical studies of nutritional 
problems’, a wide survey of the subject and an indication of Drummond’s 
growing interest in nutrition in general (116). In 1933 he also visited Spain 
to lecture on nutritional subjects at a time when revolutionary fighting was in 
progress, these lectures being delivered under the aegis of the League of 
Nations Health Organization. Drummond had been interested in the 
‘Peoples’ League of Health’ from its inception, this having been founded in 


108 Obituary Notices 


1917 by the late Miss Olga Nethersole, C.B.E., to offer general advice on 
health, and it was natural that Drummond should be consulted in matters of 
nutrition and health. His conspicuous ability to convey to a lay audience the 
practical significance of the technical aspects of nutrition, and the role 
played by vitamins in health and disease, led to his being called to advise 
many bodies concerned with nutrition, and he was greatly in demand as a 
lecturer both in Great Britain and abroad. 

Indeed, in Great Britain in the early 1930’s a new interest in nutrition was 
developing, undoubtedly fostered by the economic crisis of 1931. In that 
year a Committee of the Ministry of Health had been set up to advise on 
general questions of nutrition, while in 1933 another Committee was set up 
by the British Medical Association with similar interests. In 1936 the report 
by John Boyd Orr (later Lord Boyd-Orr) on Food health and income (MacMillan 
London, 1936, 2nd Ed. 1937) revealed the inadequacy of the diets of families 
with low incomes, and showed that the standard of health of these families, 
especially that of the children in them, was much lower than that of people 
with higher incomes. The tentative conclusion reached was that ‘a diet 
completely adequate for health, according to modern standards, is reached 
at an income level above that of 50 per cent of the population’. 

In 1934 Drummond’s own interest in the practical problems of nutrition 
was quickened in rather a striking way. In the previous year the late Professor 
H. E. Armstrong, in his capacity of a Governor of Christ’s Hospital, had 
become aware that Dr G. E. Friend, the Medical Officer of the School, had 
much information that might be of general interest.concerning the health of 
the schoolboy and his nutrition, during the first world war and after. As a 
result of Armstrong’s suggestion, Drummond with his friend, Dr J. Vargas 
Eyre, visited Christ’s Hospital early in 1934, and the writer well remembers 
the excitement with which Drummond returned to the laboratory, having 
found that Dr Friend’s figures suggested that the incidence of fractures at 
Christ’s Hospital rose when butter was replaced by margarine during the 
latter part of the 1914-18 war, and rapidly fell again when butter was restored 
in 1922. As the result of the interest of Armstrong, Eyre and Drummond, Dr 
Friend wrote a book on this subject, The schoolboy—his nutrition and develop- 
ment, which was published in 1935 (Cambridge: Heffer), and to this book 
Drummond contributed a preface, the first sentence of which reads ‘It is a 
fact at once surprising and humiliating that with thousands of years of 
human life and experience behind us we are actually engaged today in ac- 
quiring laboriously the knowledge necessary to enable us to feed and rear 
our children properly.’ In this preface Drummond emphasizes how often 
malnourishment was seen in growing boys of thirteen or fourteen in past 
years, and how often the cravings of natural hunger must have been regarded 
as a manifestation of the carnal sin of greed, to be suitably repressed. 
In truth, as he said, a growing boy of thirteen or fourteen years requires as 
much food as a man who is doing a fair day’s work. His comments are a 
significant foreshadowing of the firm position he later took in the Ministry of 
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Food on the desirability of making available to the nation a diet which was 
unrationed with respect to total calories. 

In 1935 Drummond’s wish to study nutrition in other countries became 
known to the Rockefeller Foundation and as a result he was given a special 
short Fellowship by the Foundation for the period January-May 1936. 
During this period he visited Holland, Germany, Czechoslovakia, Austria, 
Hungary, Switzerland, Poland, Russia, Finland, Sweden, Norway and 
Denmark, in order to survey nutrition in these countries, and particularly 
the nutrition of the poorer people. He came back full of enthusiasm for the 
experiments in canteen feeding which he had seen in Eastern Europe, 
and his experiences at this time undoubtedly influenced his views when he 
assumed some degree of responsibility for advice on nutritional matters in 
Great Britain in 1940. At this time he had become convinced of the unfor- 
tunate results, particularly with respect to nutrition, which the industrial 
revolution had brought about in Great Britain, and it was this developing 
interest in historical aspects of nutrition which led ultimately to the writing 
of The Englishman’s food (156, see also 126, 148 and 155). Although his grow- 
ing concern with practical problems of nutrition involved the directing of 
much of his activities into pathways of this sort (117, 131, 132, 137, 138, 140, 
153) he still continued investigations on the chemical nature of vitamin E 
(135, 136, 139, 141, 145), the relationship of vitamin deficiencies to the 
endocrine system (144, 150), and other matters of general biochemistry (143). 
Nevertheless, in 1938 and 1939 his interests were being more and more taken 
up by historical studies of English diet and nutrition. 

The Englishman’s food, a history of five centuries of English diet, by J. C. 
Drummond and Anne Wilbraham (1939), was published by Jonathan Cape 
at a most opportune moment (156). The work is generally regarded as a 
scholarly contribution to history, and it includes much material that had not 
previously been brought together in one book. It starts with a discussion of 
medieval agriculture and the production of food in medieval and Tudor 
England. A discussion of the 17th and 18th centuries leads to a consideration 
of the influence of the industrial revolution and the deterioration of physique 
found during the 19th century. In the final chapters, dealing with the 20th 
century, the development of nutritional research, its application during the 
war of 1914-18, and the opening of what is described as a new era in the 
period of 1919-39 is discussed with the conclusion that ‘It is fair to say that 
there is no problem of nutrition in England today. So much research work 
has been done in the laboratories and so many precise dietary surveys have 
been made that we know all we need to know about the food requirements of 
the*people and the extent to which they are or could be provided. The real 
problem is how to make it possible for those whose health is being adversely 
affected by a faulty diet to obtain not only the knowledge about the right 
kinds of food to eat but the food itself. One thing is certain, a means must be 
_ found of bringing essential food within the reach of the poorest section of the 
community. How this is to be done is not yet apparent, but it is to be hoped 
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that the problem will be faced in a frank and honest manner.’ How much 
Drummond himself would be able to assist in solving this problem was, of 
course impossible even to guess at when these words were published early in 
1939: . 

The publication of The Englishman’s food and the outbreak of war were 
not the only turning points in Drummond’s career in the fateful year of 
1939. To the sorrow of his many friends his first marriage broke up in that 
year, and in the following year he married Anne Wilbraham, who had been 
his secretary for many years and who was his co-author in The Englishman’s 
food and in an earlier historical essay (126). 


The Ministry of Food: 1939-46 


When war came on 3 September 1939 Drummond, like many others of 
those willing to help, had no obvious niche in the colossal machine which 
had to be constructed in order that the war might be won. In June 1939, 
with some other Professors, he had received a letter from the Provost of 
University College informing him that if war broke out the College would be 
moved to Wales and that as far as could be foreseen his services would 
not then be needed. It was made clear in this letter that he would remain a 
member of the College staff, and that his salary would be forthcoming, but the 

~ College itself hoped that he would be able to undertake some form of National 
Service. 

Already, in September 1938, Drummond had offered his services to the 
expected Ministry of Food should war become a reality, but at this time it was 
suggested that if a Ministry of Food were brought into being as the result of 
an emergency it would look to already established organizations for advice 
on the scientific and technical aspects of problems concerning food. There 
was then no intention that a Ministry of Food should subsume a scientific 
staff. 

Soon after the outbreak of war Drummond was consulted informally 
about gas contamination of food, and on 16 October 1939 he was officially 
appointed ‘Chief Adviser on Food Contamination’ to the Ministry of Food. 
At first his duties were largely advisory, reliance being placed on the co-opera- 
tion of existing research organizations for the carrying out of any needed 
investigations but as the result of his activities a manual on Food and its 
protection from poison gas was published by the Ministry of Food in 1940 (H.M. 
Stationery Office S.O. No. 70-9999). Early in that year he visited Porton 
Experimental Station to collect information, and to make experiments on 
decontamination and on standards of fitness of foods exposed to gas con- 
tamination. 

Now that he was in the Ministry Drummond began to interest himself in a 
number of scientific aspects of its work and shortly submitted a memorandum 
in which he criticized as inadequate the available machinery for dealing 
with new processes and inventions that might be useful in war-time. But it is 
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clear that he did not find his position one which provided full-time occupa- 
tion, and he chafed somewhat at the periods of inactivity with which it was 
associated. At this time he was able to keep some academic research going, 
despite the closing of University College, at the Courtauld Institute of Bio- 
chemistry, Middlesex Hospital, London, by courtesy of the Director, Professor 
E. C. (now Sir Charles) Dodds. 

On 13 December 1939 Drummond and A. L. Bacharach read a paper 
to the Food Group of the Society of Chemical Industry, which was sub- 
sequently published, entitled “The composition of optimal and marginal diets’ 
in which the evidence for human nutritional requirements was critically 
examined and in which ideas later to be accepted as of importance in the 
Ministry of Food were discussed (160). But at that time the place in the 
planning of a nation’s food supply of a scientist at the Ministry of Food was 
not yet clear to those in administrative authority. Early in January 1940 
Drummond was called to a conference by the Parliamentary and Scientific 
Committee to arrange a meeting at which war-time bread would be discussed 
from a scientific point of view. It was agreed at this preliminary meeting 
that Dr J. Vargas Eyre, who had raised the question, should invite indepen- 
dent scientists to contribute to the discussion, together with representatives 
of the Flour Milling Industry and the Baking Trade; the subject of discussion 
would be the most suitable national loaf for war-time. When it was proposed 
that the interested Ministers should be represented by their Scientific 
Advisers, it became apparent that the Ministry of Food had no Scientific 
Adviser. A number of M.P.s agreed to take up this matter at once, but when 
the meeting of the Committee was held on 31 January 1940, Drummond 
stressed that he was speaking in his private capacity, and indeed on that day 
there was no post of Scientific Adviser to the Ministry of Food in existence. 
At this meeting he stated that in his view the country would not reach a 
maximal nutritional state until something approximating to wholemeal bread 
was made available, particularly to the poorer classes. He did not regard 
meat as of such importance as the availability of ample supplies of whole- 
meal bread and vegetables, though he was not making a plea for vegetarian- 
ism. Physiologically, in his view, fats were not an important part of the diet 
provided that green vegetables were plentiful. He made clear that the country 
was faced with two questions, first how to increase the consumption of dairy 
produce and vegetables, particularly among the lower income levels of the 
community, and second how to obtain wholemeal flour. He thought that 
both these aims could be achieved and although it would not be possible to do 
everything in this direction at once, he believed that the consumption of 
potatoes and vegetables could be stimulated very greatly during the war 
period. Drummond’s views on the importance of wholemeal bread, supported 
as they were by the representative of the Ministry of Health, did not pass 
unchallenged by representatives of the Flour Millers. While expressing 
_ willingness to do whatever was deemed best in the circumstances they pointed 

out that the 25 per cent taken from the wheat in the preparation of 75 per cent 


112 Obituary Notices 


extraction (white) flour was of great importance as an animal foodstuff; 
they agreed, however, that this loss ought to be considered with respect to 
the fact that a smaller amount of wheat would then be needed for flour. 

On the same day (31 January 1940), Drummond submitted to the Ministry 
of Food a memorandum ‘On certain nutritional aspects of the food position’ 
in which he reviewed the pre-war nutritional position of Great Britain and 
the probable effects on it of war-time conditions, particularly stressing the 
effects on the poorer sections of the population. He put forward the view that 
bread should be of a high nutritive value, that the consumption of potatoes, 
‘oatmeal, cheese and green vegetables should be increased, that not less than 
one pint of milk a day should be supplied to expectant and nursing mothers 
and to children up to the age of 15, and that margarine should be fortified 
with vitamins A and D (cf. 162). He again expressed the opinion that a 
restriction of the consumption of meat would be relatively unimportant, parti- 
cularly if supplies of cheese and fish were adequate (cf. 161). 

On the following day (1 February 1940) Drummond was officially 
appointed Scientific Adviser to the Ministry of Food. In this position he 
needed to utilize to the full the blend of qualities which went to make up the 
man as he was. His knowledge of and experience in laboratory research stood 
always in the background. An unusual sense of history, illustrated in The 
Englishman’s food, was combined with a good general knowledge of modern 
nutritional developments and needs and a flair for exposition of such know- 
ledge to lay audiences. His ability to express scientific findings in words 
easily understood by the layman was of great importance, as also was his 
capacity to become easily acquainted with all classes of men. The boyish 
vigour and breezy and approachable manner which characterized him from 
the earliest days did not desert him even during the darkest days of war. At 
times when the Ministry of Food was subject to much criticism, he dealt 
quickly and firmly with a host of day-to-day problems, while at the same 
time advising the Minister wisely and effectively on matters of long-term 
policy. 

His position as Scientific Adviser was not a ready-made one, with clearly 
defined boundaries. The Minister of Health was charged with the respon- 
sibility of advising the Government on nutritional policy, while to the 
Minister of Food was assigned the task of giving effect to the policy adopted, 
the Medical Research Council being available for special advice. Not him- 
self a medical man, and one who at times had not concealed his critical 
attitude to medical doctors for what he thought to be their deplorable lack of 
knowledge of the scientific bases of nutrition, Drummond might well have 
been regarded as a difficult collaborator by his medical colleagues. But, in 
fact, as Lord Horder has written of him, ‘his tolerance, his humility and his 
insatiable desire for the truth never failed him, and he was for this reason 
the ideal colleague’ (Brit. Med. J. 1952, 2, 395). He was indeed at pains to 
work harmoniously with his colleagues in other Government departments 
and elsewhere and it was largely at his instigation that a Standing Inter- 
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departmental Committee was set up in 1941 on Medical and Nutritional 
problems to which all interested bodies sent representatives. This Committee 
did much useful work behind the scenes and its decisions were reached only 
after all relevant points of view had received full consideration. It was 
in such planning that Drummond excelled, and since his fearlessness and 
vitality were associated with a friendliness that disarmed those whom he 
criticized, he was able to secure the fullest collaboration with his scientific 
and administrative colleagues. His approach to problems was often empirical 
rather than sprucely academic, and if something did not work out as he 
hoped he sometimes did not hesitate rapidly to change his tactics. 

At the time of Drummond’s appointment as Scientific Adviser, the 
Ministry of Food was still relatively young, though with the coming of Lord 
Woolton as Minister on 4 April 1940 maturity was rapidly attained. When 
Lord Woolton was first appointed he was necessarily much occupied with 
practical problems of immediate importance in which his own industrial 
experience was of great value. Nevertheless the new Minister was fully aware 
of the value of scientific advice in the affairs of the Ministry, and his first 
inquiries included the question ‘Where is the Scientific Adviser to this 
Ministry ?? Drummond himself related how he introduced himself to the 
Minister by first sending him a copy of The Englishman’s food, and it appears 
that the Minister having rapidly appraised the importance of the book was 
equally quick in his appreciation of the man and of his special abilities. Much 
depended upon the establishment of a full mutual trust between Adviser 
and Minister despite the difference of their background and their different 
approach to their common problems. 

In an account of Drummond’s activities at the Ministry of Food it is clearly 
impossible to extricate precisely what was his share in the complex develop- 
ments that went on, but in the overall result at the highest levels can be 
discerned threads which Drummond had already begun to spin before the 
war. Thus in 1940 the Lord Privy Seal, in his capacity of Chairman of the 
War Cabinet Committee on Food Policy, set up a Scientific Food Policy 
Committee of which the Chairman was the President of the Royal Society. 
This Committee had as one of its principal functions to advise on the minimal 
diet required to maintain health and efficiency under war conditions, with 
due regard to the potential availability of supplies from home and overseas, 
and to questions of labour, shipping space, foreign exchange and other econ- 
omic matters. This Committee, in the course of its work, considered among 
others the following problems: collective feeding; the economic and nutri- 
tional aspects of potatoes, bread and flour; supplies of fats and oils; the use of 
dried milk; the adequacy of supplies of protein; and the availability of 
vitamin concentrates. In the consideration of all these matters the Ministry 
of Food and its Scientific Adviser’s Division necessarily played an important 
part. 

At all times Drummond was able to blend skilfully into a clear and easily 
read document the results of discussions with economists, statisticians, 
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agriculturists and other specialists, and in so doing was able to guide the 
thoughts and decisions of many Committees of different types. 

Shortly after Drummond’s appointment he made strong recommendations 
against any proposal to reduce the total consumption of food in the country, 
emphasizing not only his own practical experience, but also that in the 1914- 
18 war, when, as he said ‘most unwisely and against expert advice a cam- 
paign urging voluntary restriction in the consumption of foods, particularly 
bread, was launched by the Government’, so that ‘those who loyally res- 
ponded suffered loss in weight and reduction of efficiency’. His great success in 
assessing the over-all calorie needs of a nation at war, and in assisting to 
provide unrationed foods, chiefly bread and potatoes, to ensure that indivi- 
dual variations in the total calorie requirements could be covered, may be 
gauged from the pamphlet Food consumption levels published in 1944 in Great 
Britain by the Ministry of Food (S.O. No. 70-444*) and from the lectures 
delivered by Drummond himself in later years (176, 177, 178, 179, 180, 181). 

In May 1940 the Ministry of Food’s import programme for the second 
year of war carried an appendix entitled ‘A survey of war-time nutrition’, 
setting out what were in fact Drummond’s views on the nutritional policy 
that ought to be adopted. It was the first time that modern knowledge of 
nutrition could be applied to the problem of the war-time planning of the 
food supply of a nation which was dependent on imports for about two- 
thirds of the energy value of its food supply. The survey showed that before 
the war the nation’s food had been adequate in what were described as 
energy-rich foods, but short in what were called protective foods, particularly 
in those supplying calcium, vitamin A and vitamin B,. During 1940-41 home 
production was expected to provide about one-third of the nation’s energy 
requirements, two-thirds of its needs for calcium, one-third of the necessary 
vitamin A, two-fifths of the vitamin B, and, as a consequence of a rise in 
home potato production, all the necessary vitamin C. Recommendations were 
made for improving the supply of vitamin B, either by increasing the extrac- 
tion rate of flour or by fortifying white flour with the synthetic vitamin. The 
expansion of home production of milk and vegetables including potatoes was 
advocated, while the need was emphasized for the increased importation of 
cheese, dried or condensed milk, canned fish, pulses, and of concentrates of 
vitamins A and D with which margarine could be fortified (see 162, 163, 165, 
166). It was further recommended that the importation of fruit (other than 
that of oranges), nuts, and eggs in shell, should be reduced, since such 
imports were wasteful of shipping space when considered in relation to either 
energy production or protection. The impossibility of reducing supplies of 
energy-rich foods without the risk of impairment of the nation’s health and 
vigour was again stressed. The classification of foodstuffs into ‘energy-rich’ 
and ‘protective’ was a concept at once simple and effective. Another valuable 
and simple idea was that of ‘vulnerable groups’ which covered pregnant 
women, infants and so on. 

Drummond’s value was now widely recognized and in the Fourth Report 
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of the Select Committee on National Expenditure (7 May 1940) the expansion 
of the scientific staff of the Ministry of Food was recommended. One impor- 
tant result of this recommendation was the appointment of Dr T. Moran as 
Drummond’s deputy in the following month. 

In September 1941 Drummond submitted to the Ministry an important 
memorandum entitled “The nutritional position in the United Kingdom 
after two years war’. This report related a series of nutritional levels, ‘Spartan’, 
‘Subsistence’, ‘Adequate’ and ‘Ample’, to the needed tonnages of food 
imports, and referred to the menacing outlook at the beginning of 1941, 
particularly with respect to protein and calcium for growing children, and to 
vitamin A, which was ‘sharply relieved by the liberal supplies offered by the 
U.S.A. under the terms of the Lease-Lend Act’. The report also pointed 
out that a considerable proportion of adults lost weight during the winter and 
spring of 1940-1. On the basis of a requirement of 2900 calories for each 
person, a matter which at that time was in debate, a ‘spartan’ regime would 
require greatly increased home production of food, but could reduce the 
import programme to 9 to 10 million tons, while a subsistence diet could be 
devised with an import programme of 11 to 12 million tons. In fact, during 
1944, the import programme was 11 million tons compared with 22 million 
tons per annum before the war (176). Thereafter each year until 1946, when 
he left the Ministry, Drummond circulated reports of this type, which not 
only explained to his non-scientific colleagues the principles on which the 
nutritional requiremenis to be met by the expected import tonnages should 
be considered, but also discussed their application to particular problems. 

Much of Drummond’s success at, the Ministry was undoubtedly due to 
his persuasiveness and the skill with which he managed Committee work. 
He was constantly involved in discussions with the other bodies about the 
establishment of appropriate levels for the vitaminization of margarine, about 
nutritional targets for school meals, the relative nutritional value of rations 
distributed to different types of factory canteen, the establishment of stan- 
dards of vitamin content for orange juice and the organization of propa- 
ganda to explain the importance of fruit juices in infant feeding and the 
establishment of the average need for calories ‘moving into consumption’ for 
the population as a whole. These and many other negotiations, often about 
matters more for judgment than for pedantic ratiocination, were carried 
through with the urbane assurance of a man who seldom lost his intuitive 
grasp of the wider principles involved, but who still possessed an almost 
schoolboy delight in new ideas, from whatever source they might be derived. 
Another most valuable asset, unusual in a Professor, was his facility of 
eliminating non-essential details from his recommendations; he would 
convey in a few succinct paragraphs the fundamental reasons for the actions 
he advocated. If the necessity arose he would fearlessly plunge into the 
minutiae for the benefit of his scientific collaborators, but to his non-scientific 
administrative colleagues his terse lucidity was a god-send. 

Drummond regarded the war as an opportunity for attacking dietetic 
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ignorance, and of changing the nutritional status of vast numbers of people 
whose condition had been the object of his criticisms before the war. And 
although he was but one wheel in the complex machine which achieved this 
aim, his own views, and his ability to put them in the right form, at the right 
time to the right people, provided a most significant contribution to the 
solution of a problem which was almost staggering in its immensity. He was 
particularly interested in the provision of special supplements for mothers 
and children. Jointly with his colleagues in the Ministry of Health he played 
a full part in organizing supplies of cod liver oil and vitamin tablets for 
expectant and nursing mothers. He helped too with the cheap supply of 
liquid milk to ‘vulnerable groups’ and in their priority when milk was 
rationed, in the early experiments with black currant syrup and rosehip 
syrup as sources of vitamin C for expectant mothers and young children, in 
the subsequent provision of concentrated orange juice and cod liver oil to 
these two groups when such preparations became available, in the generous 
allocation of rationed food for school meals, and in the provision of national 
milk and cocoa for adolescents. Many of these arrangements were maintained 
after the war and even with the cessation of rationing in 1954 some of them 
are to continue. Is it too fanciful to trace a line of thought through The 
Englishman’s food to the decisions which made possible the post-war con- 
tinuation of these supplements? 

The development of dehydrated food as a means of conserving shipping 
_ space was another of Drummond’s interests and he initiated the importa- 
tion of dried egg into this country, together with large quantities of skimmed 
dried milk. He also assisted the widespread distribution of dehydrated 
soups and vegetables. 

One of the most difficult problems on which Drummond had to advise 
during his time at the Ministry was the subject of bread. As he pointed out 
(180) when supplies of most staple foods are restricted by rationing or by 
other causes the balance of individual energy requirements can be easily 
provided only if there is available an unrestricted pool of calories. It is 
important that the foodstuffs constituting this pool be cheap, and the provi- 
sion of this in the form of unrationed bread and potatoes was a cardinal 
principle of food policy during the war. But the supply of the vitamins B 
ought to be related to the total carbohydrate intake, as had become clear ° 
from academic research carried out in the pre-war period. If this view be 
accepted one is forced to conclude that the low extraction type of white flour 
eaten generally in Great Britain before the war was, in itself, nutritionally 
defective, since much of the B vitamins, present in the wheat berry, were 
removed in the process of milling. When bread and other carbohydrate- 
containing foods such as potatoes came to occupy an increasingly significant 
dietary position during the war, the need to find additional sources of the 
B vitamins became of paramount importance. In his statement to the 
Parliamentary and Scientific Committee on 31 January 1940 Drummond 
had strongly advocated the introduction of wholemeal bread and in April 
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1940 he advised that a wheaten flour of 82 to 85 per cent extraction should 
be provided rather than the white flour of 70 to 75 per cent extraction 
enriched with synthetic vitamin B,, which it was then proposed to make 
available. A month later, the Medical Research Council presented a memor- 
andum published in August (Lancet 1940, 2, 143) recommending bread based 
on a flour of 80 to 85 per cent extraction. On 18 July 1940 the Ministry of 
Food announced that two kinds of bread would be provided at the same 
price: a loaf baked from white flour of 70 to 72 per cent extraction and 
enriched with synthetic vitamin B,, together with an unspecified quantity of 
a calcium salt; and a ‘wholemeal bread’ (see 163). The addition of calcium, 
on the recommendation of the Medical Research Council, was made to ensure 
that all classes of the population received at least the daily requirement 
(163). However, in the spring of 1942 it was decided to enforce the consump- 
tion of bread made from flour of 85 per cent extraction, with the total exclu- 
sion of the white vitamin-enriched loaf. The relatively dark ‘National wheat- 
meal’ loaf based on the flour of 85 per cent extraction did not meet with an 
enthusiastic reception, but technical developments improved the quality of the 
flour in time, rendering it lighter in colour. In the autumn of 1944 the 
extraction rate was reduced from 85 per cent to 824 per cent and then to 
80 per cent. In these developments Drummond had the powerful co-opera- 
tion of Dr T. Moran, Director of the Flour Millers’ Research Association, 
who had been seconded to the Ministry in June 1940, and his assistance was 
most valuable in dealing with the specialized questions involved. Even today 
the controversy about the extraction-rate of flour is not concluded, but the 
fact that, despite all difficulties, agreed conclusions were successfully put into 
operation during the stresses of war is a tribute to all concerned, and par- 
ticularly to the Ministry of Food, the Ministry of Health and the Medical 
Research Council. : 

In order to assess the effects of changing conditions the Ministry of Food 
began, in 1941, dietary surveys in households in eighteen representative 
areas in the country, while from 1943 onwards, surveys of body-weight were 
also carried out. The Ministry of Health made comparable clinical surveys, 
and as a result a close check was kept on the condition of this representative 
sample of the population. The results (cf. J. M. Harries and D. F. Hollings- 
worth (Brit. Med. J. 1953, 1, 75)), provided gratifying support for the policies 
of the Ministry of Food during the dark days of war and potential deficiency. 

In 1947 the ‘Lasker Group Award’ was presented by the American Public 
Health Association to the British Ministries of Food and Health, ‘for the 
unprecedented program of food distribution in Great Britain, with resulting 
improvement in the health of the people’. The citation for the award gives 
graphic and independent evidence for the high value placed abroad upon the 
activities of the leaders in this great enterprise. 

‘Long before World War II, the Medical Research Council and the health 
authorities of Great Britain had been active in promoting research and in 
spreading knowledge of nutrition among the people. 
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‘In 1937 an Advisory Committee on Nutrition was set up by the British 
Ministry of Health which undertook a survey of the national diet. The back- 
ground had therefore been developed before the outbreak of the war for the 
first large-scale application of the science of nutrition to the population of the 
United Kingdom. A separate Ministry of Food was established with wide 
executive powers over the production and rationing of foods, the purchase 
of foods from abroad and the education of the public in the proper use of 
available foods. 

‘By the effective employment of its great powers the Ministry of Food, in 
consultation with the Ministry of Health and with the advice on all matters 
which might affect the health of the people of a Standing Committee under 
the chairmanship of the Chief Medical Officer, succeeded to a remarkable 
degree in providing a diet for all the workers of the country in conformity 
with their physiological requirement, irrespective of income. 

‘Although almost all other environmental factors which might influence 
the public health deteriorated under the stress of war, the public health in 
Great Britain was maintained and in many respects improved. 

‘The rates of infantile, neo-natal and maternal mortality and stillbirths 
all reached the lowest levels in the history of the country. The incidence of 
anaemia and dental caries declined, the rate of growth of schoolchildren 
improved, progress was made in the control of tuberculosis, and the general 
_ state of nutrition of the population as a whole was up to or an improvement 
upon pre-war standards. 

‘In the opinion of the Lasker Awards Committee, this has been one of the 
greatest demonstrations in public health administration that the world has 
ever seen. The Lasker Awards Committee of the American Public Health 
Association therefore takes great satisfaction in recommending awards for 
scientific and administrative achievement to the British Ministries of Food 
and Health and to the four great leaders in this historic enterprise, Lord 
Woolton, Sir Jack Drummond, Sir Wilson Jameson and Sir John Boyd Orr.’ 

During the war Drummond was involved in the necessity of much travel- 
ling. Towards the end of 1941 the nutritional situation in Malta had become 
serious, and Drummond was asked to send somebody to look into it. Char- 
acteristically, he went himself, early in 1942, and was able to make a number 
of important practical suggestions, including a requisition for one cwt. of 
ascorbic acid to be sent in by air. He himself was flown out of the island 
in a lull between air raids. When food supplies began to flow from the United 
States under the Lease-Lend Act, Drummond had to make many trans- 
atlantic visits. He was one of the delegates to the Hot Springs Conference, 
in June 1943, which led to the formation of the Food and Agriculture 
Organization of the United Nations, whose basic purpose is to raise the 
levels of nutrition throughout the world. He gave an interesting account of 
this meeting at a subsequent lecture (172). 

In 1944, with the end of the war in sight after the invasion of the Continent, 
Drummond became adviser on nutrition to SHAEF and to the Allied Post- 
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War Requirements Bureau. At that time the Council of British Societies for 
Relief Abroad was concerned about the health of the people of the countries 
then being liberated or whose liberation was imminent. It set up a Committee 
of which Drummond was Chairman, to write a short manual for the use of 
relief workers, to help them assess the nutritional state of the population 
liberated, and to take practical steps to improve it quickly and safely. The 
resulting booklet, entitled Nuérition and relief work, published in January 1945, 
‘owed much to Drummond’s commonsense and lucidity. It was widely used 
as a standard text-book by all the organizations working in liberated coun- 
tries. In May 1945 Drummond was a member of a party of medical and 
‘scientific people who were allowed to pass through the German lines into 
‘occupied Holland before hostilities had ceased, in order to advise on the 
procedures needed to relieve the starving Dutch people with the minimum 
of delay, and not only did he speedily bring succour to the starving but also 
ensured that the unrivalled opportunities for the investigation of scientific 
aspects of starvation thus presented should be utilized to the full (173, 175, 
177, 179, 181). It was natural that, with all his experience Drummond should 
be appointed as Adviser on Nutrition, Control Commissions for Germany 
and Austria (British Element) during the period immediately after the war 
(1945-6). 

Even with all these many affairs on his hands during the period of the war 
Drummond still had the energy and ability to undertake other duties. 
From 1941 to 1944 he was Fullerian Professor of Physiology in the Royal 
Institution, and during his tenure gave four courses of afternoon lectures 
‘on nutritional subjects, and two Friday evening discourses. Unfortunately of 
all these only one was published—the discourse on the Hot Springs Confer- 
ence (172). In 1944 he became Chairman of the Committee on Hospital 
Diet of King Edward’s Hospital Fund and under its auspices two memoranda 
were published on hospital diet, the second in 1945. These memoranda, based 
in part on dietary surveys carried out under Drummond’s supervision, 
marked the beginning of an intensive and effective campaign for the im- 
proved preparation and service of meals in hospitals, a matter which, in some 
instances had been surprisingly and deplorably neglected up till that time. 

In 1945 he resigned the position of Professor of Biochemistry at University 
‘College, London, on appointment as Director of Research to Boots Pure 
Drug Company, Nottingham, but until 1946 he was seconded to the Ministry 
of Food to continue his work there. 

In 1944 he was knighted for his war services, and in the same year he 
became a Fellow of the Royal Society. The latter distinction, having been 
delayed until late in life, brought more satisfaction to his many friends than 
it did to Drummond himself and he took little interest in the affairs of the 
Society. Abroad his contributions during the war were widely recognized. 
He received the U.S. Medal of Freedom with Silver Palms, and in 1946 
he was elected an Honorary Member of the New York Academy of Sciences. 
He was made a Commander (Civil Division) of the Order of Orange Nassau 
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for his services to Holland, while the University of Paris conferred on him the 
degree of Doctor honoris causa, an honour which particularly pleased him. 
Then in 1946, his war-work being complete, he moved to Nottingham. 


Last Years 1946-1952 


At Nottingham Drummond threw himself into the duties of his new post. 
as Director of Research to Boots Pure Drug Company with the same energy 
and enthusiasm that had carried him through the difficult and strenuous. 
years of the war. But he now possessed an assured reputation that rendered 
the assumption of his new life much easier than were his early days at. 
the Ministry of Food in 1939. As in the Ministry, so in industry, he could 
often get to the heart of a problem by his ability to grasp the situation as a 
whole and to disregard the fears of those whose absorbed interest in detail did 
not permit them to comprehend the principles involved. His reputation gave 
such prestige to the research in which he was interested that funds could 
usually be found for what was needed, and he brought a steady stream of 
academic friends and colleagues to give informal lectures on their special 
interests in research. In this way Drummond hoped to diminish the barriers. 
that inevitably exist between industrial research workers and their academic 
counterparts. 

He still continued to travel frequently in connexion with his duties, both 
in this country and abroad, and again his power to mix easily with all sorts. 
and conditions of men was of immense value. 

His wideness of interest is illustrated by the encouragement he was able to. 
give to veterinary research ; his support and enthusiasm were of great. 
importance in the enlargement and equipping of his company’s veterinary 
science division at Thurgarton. At the same time he had become a Founder 
Member and first Chairman of the ‘Fine Chemicals Group’ of the Society 
of Chemical Industry. Although he still continued to give occasional lectures. 
(179, 180, 181) his writings necessarily appeared less frequently than during 
his earlier days, and from 1948 until his death nothing serious appears to. 
have been published over his name. 

Early in 1952 he suffered a sub-arachnoid haemorrhage, which however, 
appeared to have no lasting effects. In August 1952 he went to France for a 
holiday with his wife and ten-year old daughter and on the night of August 
4-5, all three of them were murdered by shooting while camping near the 
village of Lurs in the French Alps. The Times of 16 November 1953 reported 
that Gaston Dominici, a 76 year old farmer of Lurs, had on the previous day 
confessed to the murder of Sir Jack and Lady Drummond and their daughter 
in their roadside camp on the boundary of his farm, on the evening of 
4 August 1952. According to The Times of 7 May 1954 a special court at 
Aix en Provence had recently decided that Gaston Dominici should stand 
on trial on a charge of murdering Sir Jack Drummond, his wife, and their 
daughter, at Lurs in August 1952, but no date was given for the proposed 


Jack Cecil Drummond 12I 


trial. No certain motive for the murder had emerged during the investigations 
which led up to the trial, though robbery had apparently been excluded. 

The news of such a brutal and inexplicable crime against an internationally 
respected and distinguished scientist was received with horror in all civilized 
countries and led to the publication of many tributes from abroad (see for 
example Nature, Lond. 1952, 170, 1131; Chem. Ind. Rev., 1953, p. 74). 

In this country a group of Drummond’s colleagues formed a Committee 
under the Chairmanship of Lord Woolton to collect a fund with which to 
endow a Drummond Research Fellowship in Nutrition (The Times, 17 July 
1953). As a result the first Drummond Fellow took up his duties in October 
1954 (The Times, 17 Sept. 1954). 


THe MAn 


Drummond’s life provides a striking example of the man who was sup- 
remely well prepared for a task which he was free and able to undertake at a 
time when his equipment and experience were probably unique. For this 
undertaking he was fortunate to enjoy energy and good health to a degree 
unusual in a man of his age and varied experiences. Although he was 61 
years old at the time of his death, he was described as a man of about 40 by a 
French newspaper reporter who came to the scene of the crime before the 
identity of the body had been established. Indeed, Drummond acted as 
though he were a man twenty years younger than his age, particularly i in the 
vitality and energy which he displayed right to the end. 

His was a warm, gay and cheerful See nee a man who looked for and 
took appreciably with both hands the nicer things of life. He has been des- 
cribed by a friend as ‘a lovable, amusing, kindly, unpredictable soul. His 
anxiety to help and to please left him with so much to do that he taxed 
himself far too much.’ 

Although he was sprightly, debonair, breezy and approachable he was 
not one with whom intimacy was easily come by. His humour was often 
puckish and sometimes tinged with cynicism; he was occasionally outspoken, 
sometimes to the point of brusqueness and on occasions even to his disadvan- 
tage, particularly in the earlier years. He was, in fact, at times a controversial 
figure and his contributions to the advance of science were sometimes them- 
selves controversial. Indeed, it was more through others and through his 
influence on events than by his own direct additions to scientific knowledge 
that Drummond made his greatest contributions. 

He had a very definite artistic appreciation and ability, often humorous. 
He was enthralled by a good theatrical presentation and was a frequent ‘first 
nighter’ in London. At Nottingham he was a director of the Playhouse 
Repertory Theatre and did much to keep it on its feet. Good food and wine 
appealed to him and he became an early member of the Wine and Food 
Society: when he moved to Nottingham he became a pillar of the local 
branch of that society. His interest in the problems of a local restaurateur 
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who sought a licence to sell wine was humorously portrayed in the delightful 
pen-sketch he wrote for Wine and Food, No. 76, 1952 (subsequently reprinted 
in Chem. Ind. Rev., 1953, p. 33). From this delicious study in the spirit of 
Clochemerle one can catch at Drummond’s civilizing influence in an 
industrial Midland city, where much more than lovely old buildings had been 
swept away under the torrent of wealth which poured from the textile mills 
in the last century, and where the arts and gracious ways of living had been 
swamped to such an extent that they had not yet completely recovered. 

He went through sometimes surprising phases because he attuned himself 
as fully as he could to the circumstances surrounding his immediate interest. 
Thus when he went to Spain to lecture he went all Spanish for quite a time : 
in anticipation of going to Russia and Central Europe in 1936 he went all 
Russian, took lessons in the language, dined at Russian restaurants, favoured 
the ballet, Russian music and literature. Some of these phases lasted some 
time, others were soon displaced. A close friend has described him as. 
‘an artist who had got into the wrong pasture’. His intensity of living, his. 
fullness of life, his sustained vivacity, were to some extent a reaction to a way 
of life to which chance had brought him. He nearly always worked at home 
with a background of soft music; he said that things came to him better when 
tuneful music was being played. Undoubtedly his artistic perception and 
intuition were both his strength and his weakness in matters which were 
purely scientific. 

After his death there was published a letter, addressed to the late Sir 
Gilbert Morgan in 1935 (then Director of the Chemical Research Laboratory 
at Teddington), inquiring about the possibility of obtaining basic and acidic 
resins with which to investigate their use in the separation of amino-acids. 
(Chem. Ind. Rev., 1953, p. 85). In this Drummond was fifteen years ahead. 
of those who succeeded in such an application of ion-exchange resins but 
unhappily he appears not to have pursued his inspired idea at the time of its. 
inception. 

Artist, discoverer, reformer, historian, host: whichever of his many facets. 
caught the light shone brilliantly. But the torch that he lighted at University 
College and at the Ministry of Food will, in the hands of his pupils and 
successors, continue to burn steadily through many years to come. 


I am particularly indebted to Dr N. C. Wright for information concern- 
ing Drummond’s activities at the Ministry of Food during the war, and to. 
Dr J. Vargas Eyre for much valuable material relating to Drummond’ life. 
To Professor G. F. Marrian, Mrs Mabel Drummond, Dr Jo Bo Ward: 
Dr Magnus Pyke and to many others too numerous to name I express my 
thanks for information without which this account could not have been 
written. Lord Woolton has kindly read the typescript. 
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(With H. P. Girpine & R. J. MacWatter.) The fate of carotene introduced 
into the circulation. 7. Physiol. 82, 75. 

(With R. J. MacWa rer.) The fate of carotene injected into the circulation of 
the rat. 7. Physiol. 83, 236. 

Biochemical studies of nutritional problems. Lane medical lectures. Stanford 
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FELIX EUGENE FRITSCH 
1879-1954 


Feurx Eucene Fritscu was born on 26 April 1879. His father owned a small 
but very successful private school at Hampstead where his son was born, 
and Felix’s childhood was spent. 

Mr Fritsch’s gifts were primarily mathematical and musical, though his 
interests were centred on the latter and on classics. The musical bent was 
evidently an hereditary one since not only was the grandfather of Felix an 
operatic singer, but his grandmother also. Even in his latter years it was a 
pleasure to listen to old Mr Fritsch singing German leider. Felix inherited 
alike the mathematical capacity of his father and the lack of interest in its 
pursuit, but the parental delight in music was fully shared. Felix learnt to 
play the violin, and although he never attained great executive ability, he 
would justly describe himself as ‘a useful member of a quartet’. 

In later years the musical week-ends which Felix Fritsch and his wife 
organized bore witness to their mutual interest in chamber music. These 
were delightful informal occasions when classical quartets and quintets were 
the fare provided during the afternoons of Saturday and Sunday. Felix 
usually participated in these performances, which were often of a high order 
of excellence, and sometimes Gustave Holtz would be present amongst the 
appreciative audience. 

The school life of Fritsch was marred by recurrent illness, and at the age of 
sixteen the doctor told his father that Felix would never be strong enough to 
earn his own living, so that what he studied or did need not be dictated by 
consideration of a career. His mother had died from lung trouble, hence when 
the son developed asthma, the prognosis for his future was understandably 
pessimistic. In fact it was his father who chose botany as a career for Felix, 
under the naive belief that this would mean a largely outdoor occupation 
which might improve the boy’s health. 

At this period Felix had passed the London Intermediate Examination, 
and he realized that, at home, he was treated so much as a tender plant 
as to have but little prospect of the growth and development that even his 
physique then permitted. With the quiet pertinacity that was so characteristic 
of him in later years he freed himself of these trammels and obtained a post at 
Munich as Assistant to Radlekofer, whose interests were centred in systematic 
anatomy, an accident that may well have played no small part in determin- 
ing subsequent events. 
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On returning to England in 1902, Fritsch obtained a part-time post at 
University College, London, as an Assistant in the Botanical Department to 
Professor F. W. Oliver, F.R.S. The latter was of course intimately associated 
with Kew, since his father, Daniel Oliver, had only retired from the Keeper- 
ship of the Herbarium twelve years previously, and the then Director, Sir 
William Thistleton-Dyer, and Dr D. H. Scott, who had been Honorary 
Keeper of the Jodrell Laboratory, were his close friends. When, therefore, 
assistance was required in the Jodrell, Oliver at once recommended Fritsch 
as possessing the requisite qualifications. Prior to Hitler’s war, the number 
of State Schools which provided adequate instruction in the physical sciences 
was very limited, so that student gardeners were accepted at the Royal 
Botanic Gardens who had not received any formal training in chemistry or 
physics, and courses in these subjects were then given to them at Kew. 
In March 1903, Fritsch was appointed to the post of Lecturer in Physics and 
Chemistry at Kew, a position which he held for the following six years. It 
was not merely that he knew sufficient of these subjects that led to his selec- 
tion, but doubtless mainly his suitability for another role owing to his profi- 
ciency in German, and even more his training under the anatomist 
Radlekofer. 

In 1908 Hans Solereder had produced his classical work on the Systematische 
Anatomie der Dicotyledonen, which was one of the great botanical works that at 
-the instance of Sir Isaac Bailey Balfour, were being translated for the 
Clarendon Press. L. A. Boodle, the Keeper of the Jodrel Laboratory, who 
had become a recognized authority on taxonomic anatomy, was entrusted 
with this task, and it was to assist him that Fritsch’s help was enlisted and for 
which he was so suitably equipped. 

Whilst in Germany Fritsch had become interested in the publications 
which had recently appeared of Bruno Schroder and Zacharias on river 
plankton, so that in the summer vacation of 1902 he collected samples from 
the Thames, between Kew and Cookham, and published a note on these in 
the Annals of Botany in September of that year, in which he listed fifty-nine 
organisms. It is of interest to recall that in this paper we see the beginnings 
of the conception, which he was later to bring to fulfilment, of a Freshwater 
Biological Institute, in his comment that we possess nothing whatever com- 
parable to the inland biological. stations established on the continent. In 
the same year appeared a paper on the juvenile state of Oedogonium, as from 
the Jodrell Laboratory, in which we note that he expresses his indebtedness 
to L. A. Boodle, showing that he was already working there prior to his 
appointment as a lecturer to the Student Gardeners. In January of the 
following year a note appeared in the Annals of Botany on Kew algae, in which 
he called attention to the seasonal changes in the algal flora, and this may be 
regarded as the inception of his periodicity studies which were to be the major 
contribution of his investigations for some years. There was, however, one 
group of organisms that particularly attracted Fritsch’s interest at this time, 
namely, the Gyanophycae (Myxophyceae), a group fascinating alike from 
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the peculiarities of their cellular organization, the problem posed by the 
heterocysts and their remarkable capacity for endurance of extremes of 
temperatures and moisture. . 

We find him describing a new species of fungus parasitic on Tolypothrix 
which was collected by Boodle, from which we may infer that the latter 
had encouraged this interest. Studies on these algae appeared in various 
periodicals, and Fritsch returned to their consideration in later years. 

At University College Fritsch remained as an Assistant for four years and as 
an Assistant Professor from 1906-11. The art of lecturing is no easy task since 
it involves the transfer of a pattern of logical thought from the mind of the 
speaker to those of his hearers, to achieve which the choice of phraseology 
and the apt word even the tone of voice, can alike assist materially in render- 
ing one’s own mental edifice manifest to one’s audience. Just as a good 
drawing depends in no small degree upon economy of line so too the good 
lecture depends on a discriminating choice of carefully selected data, the 
wider background being provided by the text-books. 

When Fritsch began giving advanced lectures on the algae in the first 
decade of the century almost the only text-book available was Oltmann’s 
classical Morphologie und biologie der Algen which appeared in 1904-5. West’s 
British freshwater algae published in 1902 was essentially taxonomic and 
indeed no comprehensive work in English on the phylum was available 
until Fritsch himself filled the gap, by two volumes notable for their erudition, 
in 1935 and 1945. Thus anyone lecturing on the subject in the early part of the 
century had perforce to provide information at the expense of the time avail- 
able for developing the concepts that gave coherence to the morphological 
and biological data. Perhaps for this reason, though Fritsch as a lecturer 
was both methodical and thorough, he suffered from the defects of his virtues 
remaining rather prone to overload his discourse with facts, a trait that tended 
to conceal their fundamental worth. As a demonstrator, however, he excelled 
in his painstaking and cheerful expositions to overcome the difficulties of 
students and illumine what was obscure. 

Mechanisms, as such, had no interest for Fritsch, and it would be true to 
say that he tolerated them for their utility and found little, if any, pleasure 
in their use. As a consequence he was never particularly skilful with his hands 
and relied on the assistance of others for the illustrations to his papers, 
although in his later years he, with his usual pertinacity, acquired a measure 
of skill in delineation. His dislike of mechanisms was never more manifest 
than when the small glasshouse at University College in which he grew his 
earliest algal cultures required heating with an oil stove. This he tended, until 
one day the Department was enveloped ina pall of soot, whereupon he ruefully 
resigned the care of the stove for the future to other hands. His cheerful 
acceptance and recognition of his limitations was one of the attractive aspects 
of his personality and rendered him a good companion in the field where 
otherwise his asthmatic disabilities might have been irksome. 

The first of the ‘Studies on the occurrence and reproduction of British 
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freshwater algae in nature’ appeared in 1907, and this paper, dealing with 
Spirogyra was written in collabortion with Miss Florence Rich, an association 
that was to be fruitful over many years. There followed a study by the same 
authors of monthly observations over a five-year period of the algal flora of a 
pool near Bristol, and of a series of fortnightly samples taken by the present 
writer over a period of four years from a pond in Hertfordshire. Both showed 
a similar periodic trend despite marked dissimilarity in the constituent 
species. From this time onwards Fritsch’s activities became less ecological 
and more taxonomic. Already in 1906 Fritsch had published an account of 
the freshwater and sub-aerial algae of Ceylon, but the change of emphasis 
in his approach after the first decade of the century was due in large measure 
to the fact that for the next twenty years he became almost wholly engaged 
in the examination of collections made by others. Thus in 1911 were des- 
cribed algae from the S. Orkneys, in 1912 an account of the Discovery collec- 
tions from the Antarctic, in 1914 descriptions of the collections of P. A. 
Methuen from Madagascar. 

The first report on “The freshwater algae of Africa’ (1918) was based upon 
samples collected by various botanists. It recorded representatives of ninety- 
seven genera and 238 species including nineteen which were new discoveries. 
The most interesting of these latter were two additions to Bohlin’s genus of so- 
called dendroid Chlorodendraceae, Ecballocystis; a remarkable Scenedesmus 
- forming large plate-like colonies; a Ulothrix with thick gelatinous walls and an 
unusual chloroplast; also a distinctive Schizothrix with as many as fifty trichomes 
twisted within the sheath; but most remarkable of all was aspecies of Sphaero- 
plea in which the septas were produced by ingrowths that possibly failed to 
meet completelyin the centre and with a chloroplast that had an ill-defined 
reticulate appearance. This rich harvest led to further studies in 1921, 1924 
and 1929. The second contribution dealt with samples from the Transkei 
Territories, mostly collected by Miss Pegler, and yielded 146 species, exclusive 
of diatoms, of which six were new, mostly desmids and a richly branched 
Enteromorpha. The third paper described material collected by the late 
Professor Bews from Natal. These provided a total of 228 species chiefly 
Desmidiaceae, Myxophyceae and diatoms. Amongst them fourteen species 
were new, of which one was placed in a new genus of Ulotrichaceae char- 
acterized by a chloroplast in the form of a complete peripheral ring. The blue- 
green algae were a notable feature of most of the Natal samples, particularly 
as primary colonizers, and furnished several new species of which the richly 
branched Scytonema splendens was perhaps the most distinctive. Fritsch saw 
in such Myxophyceae further support for his views on the heterotrichous 
habit though others might regard them rather as evidence for the exploitation 
of stratified environmental conditions imposed by natural selection on diverse 
types of organisms as parallel expressions of survival value. 

In the final paper dealing with African algae Fritsch and Miss Rich des- 
cribed collections, mostly made by Miss Wilmern from Griqualand West, 
which furnished another 182 species, sixteen of them new, and including one 
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free-floating member of the Rivulariaceae for which another genus was 
created. Thus we see that these studies from the African continent not only 
added fifty-six species and a number of varieties but had very considerably 
extended Fritsch’s knowledge of the world’s freshwater algae. Taken together 
with his earlier studies they collectively comprised so wide a range geographi- 
cally and climatically as to establish Fritsch’s reputation as a leading author- 
ity on the taxonomy of the freshwater algae. Moreover, the second edition of 
West’s Treatise of the British freshwater algae which he produced in 1927, demon- 
strated that the mantle of West had fallen upon him and his two scholarly 
volumes on the Structure and reproduction of the algae, constitute an enduring 
monument to a lifetime’s achievement. 

Fritsch’s name is appropriately commemorated by a terrestrial member of 
the Chaetophoraceae from Mysore, described by Professor Iyengar under the 
name Freéschiella tuberosa. The terrestrial algae had a special attraction for 
Fritsch, as is manifest from the papers he wrote on their moisture relations 
in 1922 and 1923, a recrudescence of the interest already displayed in his 
lecture to the Geographical Society on the role of algae as pioneers on new 
ground, and it was again the topic which he chose as his contribution to the 
Memorial Volume to Professor Setchell in 1936. 

The capacity of the algae that live on the soil surface to survive rapid and 
extreme dessication with but little alteration in their vegetative state was a 
feature to which Fritsch drew attention and his measurements showed that 
under drought conditions these organisms soon attained a relatively steady 
minimal state, although any increased humidity of the atmosphere rapidly 
led to an augmented water content of the algae. The fact that apart from such 
outstanding sub-aerial green algae as Pleurococcus, Cystococcus and Stichococcus, 
the majority of the characteristic terrestrial types are members of the Myxo- 
phyceae (Cyanophyceae), no doubt enhanced the interest for Fritsch of this 
algal community. Their astonishing capacity for recovery from plasmolysis 
rendered these terrestrial types peculiarly suited to the role of primary 
colonizers on virgin soils and rock surfaces, where Fritsch demonstrated the 
succession from unicellular to filamentous types, followed by mosses or the 
synthesis of lichens, to be of widespread occurrence. These studies of the sub- 
aerial and soil algae led to the recognition by Fritsch of many new species and 
some new genera. Thus in 1942 he described Chrooderma endophytica as a new 
genus and species of Trentepohliaceae found growing as an epiphyte on dead 
bramble stems in the west of England. Two years later he described a new 
terrestrial genus of the Cladophorales growing on limestone and in the paper 
on soil algae of 1942 he listed over eighty species of which thirteen had not 
previously been described. 

In his latter years evolutionary trends came to occupy more of Fritsch’s 
thoughts and writings. He found in the parallel development of a somatic 
differentiation into a prostrate and erect region in the various algal groups a 
compelling argument for a probable starting point towards the evolution 
of the higher plants. If his speculations in this connexion appear too readily 
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to accept homology where there may be but analogy and to create the 
illusion of a plausible phylogenetic sequence without sufficient regard to the 
weaknesses of the superstructure, nevertheless they serve as the basis for an 
integrated treatment of the facts of comparative morphology the value of 
which is undeniable. Evolutionary trends were the subject of two of his 
Presidential Addresses to the Linnean Society but in a third he returned once 
more to the blue-green algae, discussing in an admirable survey the views 
concerning the Heterocyst, ‘an enigma’ as he called it, which had always 
intrigued him. 

When Fritsch went to East London College (now Queen Mary College) 
in 1911, he found a department ill-equipped and ill-staffed. He built up both 
with steady perseverance. In 1913 the present writer was appointed as 
Lecturer under Fritsch, and I can bear testimony to the difficulties we had to 
overcome, which, though an excellent experience for a young man, were 
arduous to one who not infrequently spent the night in a chair suffering the 
spasms of an asthmatic attack. 

Having been invited, at this period, by Messrs Bell & Sons, to write an 
elementary text-book of botany, I agreed on condition that I might invoke 
the collaboration of someone who would supplement my own, then meagre, 
experience of examination requirements. This was the beginning of a success- 
ful partnership that extended to five volumes and various editions, and lasted 
almost to the final years of Fritsch’s life, since we prepared together a new 
edition of Plant form and function in 1952. Fritsch was quite a competent typist 
soin 1914, when Anzntroduction to the study of plants was produced, after discussing 
together the contents of a chapter, Fritsch typed as I extemporized the text, 
and so absorbed were we in our respective tasks that the maroons and air 
raids would pass unnoticed. The room in which we worked was a flimsy 
structure on the top floor, so it was suggested we were attempting to obtain 
an unfair start on the journey to a better world. 

At Queen Mary College Fritsch played a notable part not only as head of 
the Botanical Department over a period of thirty-seven years, but as the first 
Dean of the College Faculty of Science and he was appropriately admitted to 
the Fellowship of the College in 1948. He had a remarkable capacity for 
dealing with administrative matters in which his orderly mind was a great 
asset. 

To the affairs of Queen Mary College and London University Fritsch gave 
whole-hearted devotion. He was elected a representative of the Science 
Faculty of the Senate in 1944 and became chairman of two of its committees, 
both of which involved onerous responsibility and for which his methodical 
approach was well fitted. In 1946 he was appointed chairman of the com- 
mittee dealing with recommendations for research grants from the Central 
Research Fund for investigations in the fields of engineering, medicine and 
science. Every year this body assesses more than a hundred applications and 
concerning the relative merits of these Fritsch assiduously enquired, indeed 
not long before his death he provided notes on the applications to be con- 


Felix Eugene Fritsch 137 


sidered at a meeting of this committee that he was too ill to attend. In 1949 
Fritsch became Chairman of the Scholarships Committee, the work of which 
is very heavy and to this too he devoted the same painstaking consideration. 

In the Presidential Address which Fritsch delivered to the Botany Section 
of the British Association in 1927, he returned once more to the theme that 
there was no biological station in Britain for the study of freshwater problems. 
This led to a subsequent discussion on the topic, and to the founding of the 
Freshwater Biological Association in 1929, with Professor Fritsch as Chair- 
man of its Council—a position which he still retained at the time of his death. 
Not only was the existence of this body a direct outcome of his initiative, but 
it owes a great debt to his unremitting efforts on its behalf, especially in the 
first decade of its activities. 

The short, stocky figure that Fritsch presented, with his genial expression 
and equable, affectionate temperament, was a feature of most botanical 
gatherings of the past forty years, where he won the regard and esteem of all 
his colleagues. 

Apart from music, it is probably true to say that the more artistic and 
poetic aspects of life left him almost untouched, either as a stimulus or a 
distraction. His achievements in the face of ill health were the outcome of 
sheer industry combined with exceptionally methodical habits. The card 
index was one of his most cherished tools, and it is symptomatic that he 
derived such manifest pleasure from the creation of what came to be knownas 
his ‘scrap collection’, which was, in fact, an assemblage in the manner of a 
card catalogue, of all the illustrations of algal species from original papers 
or other sources that he could obtain. 

For his scientific contributions to algology, Fritsch was elected to the Royal 
Society in 1932, and was awarded the Darwin Medal in 1950. He was an 
honorary member of a number of foreign scientific bodies, and was post- 
humously awarded the Gold Medal of the Linnean Society of London. In 
1952 the University of London conferred on him the degree of LL.D. honoris 
causa, and in the following year he was elected President of the International 
Association of Theoretical and Applied Limnology. 

He married in 1905 Hedwig Laskar, who survives him, and there is one son. 
During his residence in Cambridge Fritsch’s asthma greatly improved but it 
became obvious in 1953 that his vigour was diminishing and early in the 
following year it seemed as though the old trouble was gaining ground. 
Actually, however, cancer of the lung had developed to which he succumbed 
on 23 May 1954 soon after he had attained his seventy-fifth year. Thus was 
brought to a close a lifetime of rigorous self-discipline and unremitting 
labour. For permission to reproduce the excellent photograph of Professor 
Fritsch the Royal Society is indebted to Mr G. C. Monkhouse, F.R.P.S. 
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TOM GOODEY 
1885-1953 


THE sudden death of Tom Goopey, while on his way home from a meeting 
of the Society of Friends on the evening of 7 July 1953, unexpectedly robbed 
nematology of its foremost exponent and applied biology of one of its most 
engaging and vital personalities. Science is not the only loser, for his varied 
talents, wide interests and great energy, had combined to make him pro- 
minent in many other activities. 

Born at Wellingborough, Northamptonshire, on 28 July 1885, Tom was 
the ninth and last child of Thomas and Hannah Goodey. His mother 
(née Clayson), the daughter of an agricultural worker, died when he was 
two; his early childhood was largely supervised by his oldest sister and 
his boyhood by his step-mother. His father, like his grandfather, was a leather 
worker, who had started work in a skin yard at the age of seven; what his 
father lacked in formal schooling, he more than made up in initiative and 
industry, for he rose first to be a skilled machine operator and then to run 
a small boot factory of his own. For one in his circumstances, Thomas 
Goodey was an unusual man, and young Tom obviously learnt much from 
his father that coloured his whole life: an ability to work hard and a respect 
for those who do so, skill in the use of tools, an interest in natural history 
and gardening, and a love of music. None of the rest of the family had a voice 
of the quality of Tom’s but they were all competent singers and fond of music. 
As soon as they were old enough, all of them joined the choir of the Con- 
gregational Chapel at Wellingborough and, at home, many evenings were 
happily spent in singing glees, part-songs and oratorios. 

After 11 years at the Victoria Board School, Wellingborough, young 
Goodey won a county scholarship in 1899 and went to the Northampton 
Grammar School. He left in 1904 to become a pupil teacher at Irthling- 
borough Council School, an experience he did not particularly enjoy. In 
the same year, he passed the Matriculation examination of London Univer- 
sity, which gained him admission to the Teacher’s Training College of Bir- 
mingham University. This also allowed him to start on a course of study 
for the B.Sc. degree, and, having passed the intermediate examination, 
he could forget the teacher’s training course and work exclusively on zoology 
and botany, in which subjects he obtained an honours degree in 1908. In 
his final examination he was bracketed top with two other students; they were 
awarded two scholarships of £50 each, which they shared between them, 
_ and Goodey was launched on the first year of his research career with an 


income of £33 6s. 8d. 
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Although this was the beginning of his official research, he had, while 
still an undergraduate, demonstrated his powers of observation by noticing 
a previously unfigured groove leading to the gastric pouches of the jellyfish, 
Aurelia aurita. Both his professor, T. W. Bridge, F.R.S., and lecturer in 
zoology, Leonard Doncaster, F.R.S., were favourably impressed by his 
industry and ability, and they encouraged him to extend his studies of this 
organism; with their help, he worked out the structure and function of this 
groove, and published his results in two papers, one of which appeared in 
the same year as he graduated. Continuing his post-graduate work under 
Bridge, he divided his time between studying the anatomy of the frilled 
shark, the catfish and dogfish. 

In 1909 he took his M.Sc. degree and was awarded a further research 
scholarship of £50 for one year. At the suggestion of Professor Gamble, 
F.R.S., who had succeeded to the chair of zoology, after Bridge’s death, 
Goodey moved to Rothamsted Experimental Station early in 1910. This 
entailed a considerable change in his line of work and a move into a subject 
full of controversy. Russell and Hutchinson had announced that soil con- 
tained protozoa that prey on bacteria. The announcement had aroused 
interest because of its bearing on soil fertility, and opposition because it 
conflicted with the general view that the only active organisms in soil were 
bacteria. Several papers were published by workers who stated either that 
the soil contained no protozoa or that, if there were any, they occurred only 
as cysts. Gamble was interested by the problem and, when Russell approached 
him to suggest someone to work on it, he recommended Goodey as his best 
student. 

Goodey started his work at Rothamsted while still holding the scholarship 
from Birmingham University, but was soon awarded the Mackinnon 
Studentship of the Royal Society. Comparatively, at £150 a year, this seemed 
wealth, and on 27 July 1912, he married Constance Lewis, whom he had 
met while they were both students at Birmingham. 

Hutchinson’s culture technique had mainly isolated Colpoda cucullus from 
soil and, on the assumption that this was the chief protozoan there, Goodey 
was set the problem to see whether it was active or only encysted. There was 
no one who could offer him any useful advice on techniques, and so his 
first task was to devise them. Having succeeded in this, he showed conclu- 
sively that C. cucullus was normally encysted and inactive in soil, and his 
results also led him to doubt whether any soil protozoa functioned as predators 
that limited bacterial populations. When his work was described it was so 
convincing that most people were satisfied that the predator theory was 
finished, but Gamble, realizing that Goodey had been able to study only the 
ciliates, suggested there was still the possibility that amoebae were active 
in soil. ‘This idea was later found to have substance, but unfortunately 
Goodey could not pursue it at the time, for his scholarship had expired and 
other money obtained for the work at Rothamsted had also been used. 

He returned to Birmingham in 1913 to a post in Gamble’s laboratory, 
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where he continued to work on the identification and biology of protozoa, 
mainly from soil, but he also collaborated with A. W. Wellings to show that 
an amoeba inhabiting the human mouth was not a harmful parasite as 
previously thought, but a useful scavenger that feeds on bacteria and on the 
remains of salivary corpuscles. During the first world war he also acted as 
protozoologist to the 2nd Southern General Hospital at Birmingham and 
made the routine examinations for Entamoeba sp. and other intestinal 
protozoa. 

From his childhood onwards, Goodey had loved singing and as an adult 
he developed into a first-class performer, first as a baritone and later as a 
true tenor. While living at Harpenden he studied voice production in London 
during 1910-11 and he continued his training at Birmingham. At first he 
sang solely for the pleasure it gave to him and his friends, but as his reputa- 
tion and family grew (a son in 1914, twin daughters in 1916, and two more 
daughters, one in 1919 and the other in 1921), in addition to singing in 
choirs, amateur musical and operatic societies, he also engaged in professional 
singing, starting as the paid tenor soloist in a performance of “The Messiah’ 
at Dudley in December 1916. The musical critics gave him highly favourable 
notices. Ernest Newman, for instance, wrote in 1918: ‘Dr Goodey’s curiously 
fine phrasing, that is always so sensitive to the melodic and rhythmical 
contours of the music, made his singing . . . a constant musical pleasure’; 
or again, also from the Birmingham Post: ‘As always his phrasing was a live 
salient thing, and his diction as free from reproach as the intelligence of 
his singing . . . He is a notable example of the truth that in serving music 
first and foremost an artist may best serve himself.’ It would be a fair inter- 
pretation of Goodey’s character to say that the word music in the last 
sentence could equally well be replaced by any of his other interests and 
remain equally true. As in his music he never played to the gallery to gain 
applause by departing from his interpretation of what the composer intended, 
so in his science and other activities he never allowed his own immediate 
interests to change his decisions from what he knew to be right and proper. 
His high technical skills were matched by a keen intelligence and shrewd 
judgement, but his most outstanding qualities were absolute reliability 
and a fearless honesty. 

When in 1920 he returned to Harpenden, where he lived for the rest of 
his life, Goodey’s reputation as a singer was already made, and demands 
for his performances steadily increased. An invitation to take part in Rutland 
Boughton’s ‘Bethlehem’ led to an association with Boughton’s music that 
extended over many years. After playing the part of Midir in “The Immortal 
Hour’ when it was produced in Birmingham, he was understudy for it in 
London during 1922, but as the principal was often absent Goodey played 
the part there many times. The part of Angus in Boughton’s “The Ever 
Young’, a sequel to “The Immortal Hour’, was written mainly for him, 
and he sang it at Bath in 1935. Goodey was perfectly at home on the stage 
and, in addition to his superb voice, he was an accomplished actor. Although 
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he considered the opinions of those who advised him to take to the profession 
of singing as being more financially rewarding than biology, he decided to 
make science his work and keep his singing as a recreation and a means of 
occasionally supplementing his income. Singing never seemed to tire him, 
and his evening and week-end activities did not stop his work in the 
laboratory. However, the publicity he received from his performances, 
not only in the theatre and in the concert hall, where he specialized in 
recitals of lieder by Schubert and Hugo Wolf and in English songs, but 
also from his frequent broadcasts from 1925 onwards, became embarrassing 
to him as a scientist and to his professor, and in 1927 he adopted the stage 
name of Roger Clayson. 

Although Goodey had many memorable public successes between 1920 
and 1940, he will probably be remembered most vividly by those who were 
privileged to hear him on more intimate occasions, when the pleasure came 
not only from the beauty of his singing but also from his own evident enjoy- 
ment. Although, as with everything else he did, he took his singing seriously, 
he did not take it solemnly. And, with all his public successes and his meeting 
on equal terms with the principal singers of the time, he was always ready to 
appear with the wholly amateur in homely and modest surroundings. He 
was willing, too, to mix fooling with his fine singing, and this to the end of 
his life. His colleagues at Rothamsted will never forget how, at the age of 65 
- or more, he was always the most youthful performer at the Christmas Parties, 
frolicking and singing in a way that made his fellow performers, some with 
less than half of his years, look as though they had never really known what it 
felt like to be young. 

His opportunity to take such an active part in the musical life of London 
came from the chance that his scientific work was also being done there. 
It was typical of his great energy that, while he was filling all these engage- 
ments, he was also busily developing a new subject. The staff of Rothamsted 
Experimental Station was enlarged at the end of the first world war, and 
Goodey was offered and accepted an appointment there in 1920. He then 
started his work on helminths, work that was to occupy him for the next 
33 years, beginning with a study of the clover stem eelworm. This spell as 
a plant helminthologist, however, was short, for in 1921 he joined Professor 
Leiper’s department at the London School of Tropical Medicine, and for the 
next five years he worked mainly on the parasites of vertebrates. During 
this period he developed his ‘floating raft’ technique, whereby the manner 
in which infective larvae penetrate skin could be observed directly under the 
microscope. He did many other things, but this and his morphological survey 
of species of O5sophagostomum, exemplify the two types of work that gave 
him the greatest satisfaction, studying the behaviour and habits of living 
eelworms and finding the morphological differences between a related 
group of species. 

With the development of the Institute of Agricultural Parasitology at 
St Albans, Goodey became the senior member of the staff, and he remained 
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in this post until, on Leiper’s retirement, the Institute closed in 1947. From 
1926 on he specialized in studying plant-parasitic and free-living eelworms, 
the subject matter of what has come to be called nematology and in which 
he soon became acknowledged as a world authority. At that time all the 
important nematodes affecting plants were grouped into three large genera, 
Tylenchus, Aphelenchus and Heterodera. Others in the Institute were studying 
Heterodera spp., so Goodey tackled the other two and wrote several papers 
on the comparative morphology of Aphelenchus spp. and many on the species 
of Tylenchus (called Anguillulina after 1930). He did not neglect the economic- 
ally important stem eelworm, A. dipsaci, but he was attracted more by the 
gall-formers, which have the added interest for a natural historian of pro- 
ducing variable responses in their host plants. These never failed to ieInat 
him and in his last year he started to study them anew. 

In 1932 he produced a taxonomic monograph describing 60 species of the 
genus Angutllulina. Like nearly all his work, this was published in the Journal 
of Helminthology, a journal in which his name appears in every volume, 
from the first in 1923 to 1949, with an average of more than three papers in 
each. These reveal, not only his immense productivity, but the patient and 
meticulously careful work of the good taxonomist, which is what Goodey 
pre-eminently was, even though much of his work is outside the scope of 
usual taxonomy. The fall in publishing to three papers in the five years after 
1948 does not reflect any slackening of his industry or interests, but his 
increasing responsibilities in setting up and administering his own depart- 
ment, and the writing of his second book. | 

The large monograph was largely preparatory to his first textbook, 
Plant parasitic nematodes and the diseases they cause, which was published in 1933. 
This, based primarily on his own work, described the morphology and life- 
history of each important parasite, together with the diseases they cause 
and the methods whereby they can be combated. It was a notable landmark 
in the development of nematology and it has stood as the standard 
work, although long out of print and considerably out of date. With 
his son Basil, he was busily engaged in preparing a new edition when he 
died. 

Goodey was an observer rather than an experimenter. He combined a 
perceptive and critical eye with a large fund of patience, an invaluable 
endowment for work in taxonomy and bionomics. His great observational 
powers and his pleasure at unravelling the complexities of natural pheno- 
mena perhaps show best in a piece of work that is remote from taxonomy. 
While studying tulip root of oats, he discovered a nematode parasitic in the 
frit fly, itself a parasite on oats. His unravelling of the inter-relationships 
between eelworm, fly and plant, are well described in an outstanding paper 
published in the Philosophical Transactions of the Royal Society for 1930. His 
powers of observation and his practical turn of mind also show in two of his 
other discoveries; one, that some varieties of winter oats resist attack by the 
eelworm that causes tulip root, and two, that the eelworm causing bloat 
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of onions can be carried by seed, which, however, can be readily disinfested 
by fumigation with methyl bromide. 

As a taxonomist Goodey was conservative, a ‘lumper’ rather than a 
‘splitter’. Consequently, although he recognized that the many species of 
Tylenchus were not all congeneric, he left it to others to distribute them among 
several genera. This was the only thing in which he was conservative. In 
techniques he was always looking for improvements. For instance, although 
his own standards of microscopy were high, as is evident from the excellent 
camera-lucida drawings that illustrate most of his papers, when, at the end 
of the second world war, he found that American workers had better tech- 
niques, he was immediately eager to follow them. His interest in techniques 
led him to produce in 1949 a bulletin entitled Laboratory methods, which was 
so successful that a new and enlarged edition was needed within two years. 

From 1922, in addition to working constantly with plant parasites, Goodey 
also studied free-living nematodes, and his second textbook in 1951, Soil and 
freshwater nematodes, described the morphology, biology, food habits and 
predatory behaviour of 190 genera. When this book appeared, he had already 
been back at Rothamsted for three years of his third period there. The 
Institute of Agricultural Parasitology ended in 1947, and the members of its 
staff studying plant nematodes became the Department of Nematology of 
Rothamsted Experimental Station, with Goodey as its head, and they 

~ moved to new laboratories there in 1948. These were years of great activity, 
and a period when he had the satisfaction of seeing that the quality of his 
scientific work was being recognized. In 1947 he was elected to the Royal 
Society, and he toured the United States of America. In 1948 he took over 
new laboratories built specifically for his subject. In 1949 he gave a training 
course in nematology at Cambridge, and in 1951 another at Harpenden, 
this time international and sponsored by the Food and Agricultural Organi- 
zation of the United Nations Organization. In the New Year’s Honours List 
for 1950 he was awarded the O.B.E., and in 1951 he visited several European 
laboratories where nematology is studied. He had accepted an invitation 
to visit Australia in 1953, to advise the government there on nematological 
research, and had almost made his preparations when he died. Perhaps all 
this activity hastened his end, but he showed no signs of being overburdened; 
cheerful, serene and sprightly, he seemed tireless and capable of anything. 
Indeed, in addition to all his other activities, on changing houses at the age 
of 65, he again demonstrated his love of gardening by constructing yet 
another beautiful rock garden. His youthfulness was such that official 
retiring ages were obviously not meant for him, and he remained as head 
of the department for another two years. After retiring from this post, 
his work did not abate, for he took his freedom from administration simply 
as an opportunity to devote more time happily watching his nematodes. 

Goodey had long thought that the universities sadly neglected nematology 
and that at least one should have a post-graduate school in the subject. 
As early as 1936 he devoted a considerable part of his presidential address 
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to the Association of Applied Biologists to a plea that the subject should be 
taught, but the plea went unanswered until he himself organized two courses. 
It was obvious to those who attended them that some university had missed 
a great opportunity by not setting up a school with him to lead it. Despite 
his early dislike of pupil teaching, he was an excellent teacher. He lectured 
lucidly and with such an evident joy in his subject that his enthusiasm must 
surely have infected students as thoroughly as it did his fellow workers. 

Goodey’s ability to speak with power and lucidity also contributed to the 
prominence he gained in the Society of Friends. He was a deeply religious 
man in the sense that he recognized a higher power entitled to his reverence 
and obedience. Scrupulous in all his dealings, he knew there were absolute 
standards of truth, honesty and fidelity, which must never be departed from 
for worldly gain. He loved to sing church music, but his religion needed no 
ritual. Brought up, like the rest of his family, as a member of the Con- 
gregational Church, in 1933, a few months after his wife had done so, Goodey 
also joined the Society of Friends. In their beliefs and in the simple serenity 
of their meetings, he found a completely satisfying spiritual home. He served 
as Clerk of the Bedfordshire Quarterly Meeting from 1942 to 1946 and was 
an Elder at the time of his death. 

The fact that he had high ideals and set strict standards did not make 
him in any way a prig or a prude. He had an unrestrainable sense of fun, was 
always lively and enjoyed both telling and listening to a good story. Good 
humoured and tolerant, with a wide range of experiences, he was excellent 
company. Normally patient, he would suffer fools only as long as they were 
young and well-meaning. When he detected pretentiousness, sham or self- 
seeking, then his righteous indignation would show in the plainest of speaking. 
This, too, could show in his writing, and any doubts about his ability to 
engage in polemics will be dispelled by reading his paper (1924) on hog 
lung-worms. 

The sudden quenching of Goodey’s immense vitality was a severe shock 
and left his many friends with a deep sense of personal loss. It is certain, 
though, that he would not have had them mourn, and he would possibly 
have approved his departure before age had touched his enthusiasm or 
dimmed his perception. Certain it is, too, that his affairs were in order and 
that he was fully prepared, even though his friends were not. While knowing 
only too well that the world is the poorer for his death, it is more in keeping 
with his outlook that we should dwell on the fact that it is also much richer 
for his life, an exemplary life, full of the richness that comes to a talented 
man who devotes his talents to increasing the sum of human knowledge and 
happiness. 

In preparing this notice, I have received much information and help from 
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Does ‘tulip-root’ in oats commonly arise from seed-borne infection? 7. Helminth. 
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Cylindrocorpus nom. nov. for Cylindrogaster Goodey, 1927 (Nematoda). 7. Helminth. 
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On Anguillulina multicincta (Cobb) and some species of the genus Anguillulina asso- 
ciated with the roots of plants. 7. Helminth. 18, 21-38. 

The nematode parasites of plants catalogued under their hosts. St Albans: Imp. Bur. Agric. 
Parasit. 80 pp. 

Anguillulina dipsaci from ‘tulip root’ oats injuring seedlings of a seeds mixture. 
J. Helminth. 19, 1-8. 

Observations on a giant race of the stem eelworm, Anguillulina dipsaci, attacking 
broad beans, Vicia faba L. 7. Helminth. 19, 114-122. 

On the morphology of Mermithonema entomophilum n. g., n. sp., a nematode parasite 
of the fly, Sepsis cynipsea L. 7. Helminth. 19, 105-114. 

(With S. H. Bennerr.) On the occurrence of the chrysanthemum eelworm, 
Aphelenchoides ritzema-bosi, in a tomato fruit. J. Helminth. 19, 123-126. 

Brevibucca frugicola n. sp., a saprophagous nematode found in a rotting peach fruit. 
J. Helminth. 20, 1-5. 

Pungentus thornei n. sp., a new dorylaimid nematode from soil. 7. Helminth. 20, 6-9. 

Observations on Mononchus tridentatus, M. brachyuris, and other species of the genus 
Mononchus. F. Helminth. 20, 9-24. 

A note on the feeding of the nematode Anguillulina macrura. F. Helminth. 21, 17-19. 

On Rhabditis curvicaudata (Schneider) and R. paraciliata n. sp. F. Helminth. 21, 10-17. 

On the systematic relationships of the vinegar eelworm Turbatrix aceti and its con- 
geners, with a description of a new species. 7. Helminth. 21, 1-9. 

On the status of Aphelenchus agricola Maupas, 1900, with remarks on the genus 
Paraphelenchus. F. Helminth. 21, 20-21. 

Anguillulina dipsaci in the inflorescence of onions and in samples of onion seed. 
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Tulip bulbs attacked by Anguillulina dipsaci. F. Helminth. 21, 30-32. 

Anguillulina dipsaci on onion seed and its control by fumigation with methyl bromide. 
J. Helminth, 21, 43-44. 

Symptoms of disease in tulips caused by Anguillulina dipsaci. F. Helminth. 21, 58-59. 

A note on the subfamily Turbatricinae and the genus Turbator Goodey, 1943. 
J. Helminth. 21, 69-70. 

Further observations on Anguillulina dipsaci infestation of the onion scape and 
inflorescence. 7. Helminth. 21, 60-68. 

Anguillulina brenani n. sp., a nematode causing galls on the moss, Pottia bryoides Mitt. 
J. Helminth. 21, 105-110. 

Calomel and onion eelworm. Nature, Lond. 156, 393. 

Bloat eelworm disease of onions, recent investigations. Ann. Appl. Biol. 32, 261-262. 

Domorganus macronephriticus n.g., n. sp., a new cylindrolaimid free-living soil nematode. 
JF. Helminth. 21, 175-180. 

On the stem eelworm, Anguillulina dipsaci, attacking oats, onions, field beans, 
parsnips, rhubarb and certain weeds. 7. Helminth. 22, 1-12. 

A note on the presence of phasmids on the male tail of Angwillulina multicincta, 
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The clover eelworm observed. Fimrs’ Wkly, 32, 53 and 55. 

Stem eelworm attack on seedlings of vetches, Vicia villosa Roth. and Vicia sativa L- 
J. Helminth. 25, 29-32. 

Laboratory methods for work with plant and soil nematodes. Tech. Bull. No. 2, Min. 
Agric. and Fish. 2nd ed. H.M.S.O. 25 pp. 

Soil and freshwater nematodes. London: Methuen & Co. Ltd; New York: John Wiley 
& Sons Inc. 

Eelworm galls mistaken for ergot in flowers of Canadian grasses. Nature, Lond. 
169, 456. 

On certain eelworms, including Biitschli’s Tylenchus fungorum, obtained from toad- 
stools. 7. Helminth. 27, 81-94. 

On two new species of nematodes associated with leaf-blotch in Evodia roxburghiana, 
an Indian evergreen tree. Thapar Commemoration Volume, Univ. Lucknow, 
India, 1953, 95-102. 








MERVYN HENRY GORDON 
1872-1953 


Mervyn Henry Gorpon, who died on 26 July 1953 at his home at Molesey, 
was a medical bacteriologist whose whole career was largely devoted to 
research: he occupied a leading position in this branch of medical science 
in London for the greater part of the first half of this century. 

Gordon was born on 22 June 1872, the sixth of ten children of Canon H. D. 
Gordon, Vicar of Harting, Sussex. His mother was a daughter of William 
Buckland, F.R.S., the first Professor of Geology at Oxford and later Dean of 
Westminster, and was acquainted with many of the leading scientists of her 
time. The Gordon family was descended from Scots who migrated to the 
Gower peninsula in the time of Henry VII, and therefore had a strong 
Welsh as well as Scottish element in their ancestry. His paternal grandfather 
as well as his father was a Canon of the Church of England, and it was 
apparently with some hope that he might also enter the Church that Gordon 
was sent to Keble College, Oxford, after his earlier education at the Dragon 
School, Oxford and Marlborough. This was done in spite of a verdict from 
Marlborough that he was ‘backward’, and a recommendation that he be 
sent to the colonies. 

The father evidently knew his son better than the master who reached 
this conclusion. It is perhaps significant that no branch of science was 
taught at Marlborough in those days, and the fact—attested by a contem- 
porary—that Gordon was ‘no good at work’ at school may well have been 
attributable to his lack of interest in the restricted curriculum. When he 
began the study of biological sciences at Oxford he evidently found work 
more congenial: his first paper, with M. S. Pembrey, is evidently based 
on observations made while he was at the university, and he took his B.A. 
degree with Second Class Honours in Physiology in 1894. Thence he went 
to St Bartholomew’s Hospital, qualifying with the B.M. degree at Oxford 
in 1898. He subsequently obtained the Oxford degrees of B.Sc. in 1901 
and D.M. in 1903. 

Immediately after qualifying in 1898 Gordon began work in the Pathology 
Department of St Bartholomew’s Hospital under Dr Emmanuel Klein. 
It seems likely that this had long been intended, and indeed that his choice 
of St Bartholomew’s as a London school may have been made with such 
work in view, since Klein and his family had been frequent visitors to Harting 
and the Gordons knew them well. His first paper on a bacteriological subject 
indeed proves by its date that he must have been working in this department 
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before qualification. Whatever other duties he may have undertaken at this. 
time, he was evidently commissioned at an early stage by the Local Govern- 
ment Board to undertake various pieces of research, and within a surprisingly 
short period must have attained high repute: evidence for this is to be found 
in the nature of some of his early publications, and particularly in the fact 
that he was chosen to conduct the following quite exceptional piece of work. 


Studies of air hygiene 


An epidemic of influenza in the House of Commons and complaints 
by Members that the air of the Chamber ‘lacked freshness’ and caused 
‘a lassitude and feeling of heaviness’ led to the appointment of a Select 
Committee to inquire into the ventilation. This Committee recommended 
‘the institution of inquiry into problems of ventilation still unsolved, with 
a view of introducing further improvements into the present system’, and the 
Office of Works appointed Gordon to conduct the inquiry with facilities for 
pursuing it at Westminster. With the collaboration of a physicist, a chemist, 
and the Resident Engineer, he conducted a long series of most elaborate 
experiments in the Debating Chamber itself, for the most part when it was. 
empty, but some even when the House was sitting. This work was done 
during 1904-5: Gordon’s report with recommendations is a document of 
only 12 pages, but the Appendix with a full account of his work is a Blue Book 
- of 212 foolscap pages with numerous illustrations, and is proof of immense 
industry, ingenuity and enterprise. He applied to this problem the work of 
Fliigge, who had shown that particles of secretion are expelled from the 
mouth not only by coughing and sneezing but by speaking, and he relates. 
how a speaker (evidently himself) having filled his mouth and throat with 
an indicator organism (Chromo. prodigiosum) addressed a house empty but 
for an audience of agar plates for one hour. “The words spoken . . . consisted 
of recitations, in a loud voice, from Shakespeare’s plays, “King Henry V” 
and “Julius Caesar’”.’ When similar culture plates were exposed during a 
sitting, the salivary streptococci of members served as indicators of aerial 
bacterial spread. 

These experiments, and smoke tests, showed that the distribution of air 
delivered by the ventilating ducts was far from uniform, and confirmed 
Fliigge’s finding that oral bacteria could be recovered at considerable dis- 
tances from their source. It was also shown by the use of indicator bacteria 
that material was carried from a distant spot in Palace Yard to the matting 
in the Centre Gangway: ‘In short, particulate pollution to which the air of 
the Debating Chamber is subjected is supplied chiefly by Members them- 
selves, and is either brought in on their boots, or is derived from their mouths 
and upper respiratory passages.’ These are only examples of the findings 
in a report which is not only most comprehensive, but admirably and in 
places entertainingly written. When it is said that ‘faecal matter’ is imparted 
to the air of the Chamber by members’ boots, a footnote qualifies this as 
‘Derived, almost certainly, from the horse’. 
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At about this time Gordon was also engaged, with F. W. Andrewes and 
T. J. (now Lord) Horder in a study of the characters of streptococci with 
a view to their more orderly classification. Strains from a variety of sources 
were submitted to a series of biochemical tests, and capacity to ferment 
mannite and raffinose and to reduce neutral red anaerobically were identified 
as characters serving to distinguish three species, Str. pyogenes, Str. salivarius, 
and Sér. faecalis. This classification is now universally accepted, although the 
salivary species is generally known as Sér. viridans, and other criteria of identity 
have come to be regarded as more helpful. A polemic ensued with E. W. 
Ainley Walker, who contended that fermentative properties in streptococci 
are too variable to form a basis of classification. This work had an important 
connecting link with the studies of air hygiene; the presence of salivary 
streptococci in the air was identified as an index of pollution from the mouth 
and throat, and has since been extensively used as a measure of such pollution. 

Gordon was also interested from his earliest days in the characters and 
possible further differentiation of one of these species, Str. pyogenes, or the 
haemolytic streptococcus. Two of his publications in the Reports of the Local 
Government Board before the turn of the century were on the bacteriology of | 
scarlet fever, and this subject recurs at intervals, culminating in his sero- 
logical study of strains from septic infections generally and from scarlet 
fever, published in 1921. His use of the method of agglutinin absorption and 
his identification thereby of three serological types may be regarded as the 
starting point of work continued by F. W. Andrewes and brought to full 
fruition by F. Griffith, who finally defined twenty-seven such types fourteen 
years later. 

He also worked with Andrewes on the classification by fermentative and 
other cultural properties of staphylococci, and in connexion with an out- 
break of obscure illness in Hertfordshire from cases of which a Neisseria was 
recovered, he defined the fermentative characters by which members of this 
genus can be differentiated. Here the methods employed earlier in connexion 
with streptococci were applied with eminently satisfactory results: the 
capacity of meningococci, gonococci and other species of Wersseria to ferment 
glucose, maltose and other sugars are constant characters and now regularly 
employed in verifying their identity. 


Studies of cerebrospinal fever 


The bacteriology of cerebrospinal fever was one of the subjects which 
Gordon was commissioned to study by the Local Government Board, and 
his findings appear in Reports dated 1905-6 and 1907. The alarming out- 
breaks of this disease which occurred in overcrowded barracks in the first 
winter of the 1914-18 war led to his being commissioned as Lt-Col., 
R.A.M.C., and given full authority in everything pertaining to the inves- 
tigation and control of this infection. In this work, which continued through- 
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out the war, Gordon reached the zenith of his powers. He was the leader 
of an able group of workers, of whom T. G. M. Hine was his most constant 
associate throughout, whose classical studies form the main basis of present 
knowledge of cerebrospinal fever from every aspect except the therapeutic: 
chemotherapy, unheard of in those days and for long after, has now quite 
transformed this. They related the occurrence of this form of meningitis 
to the existence of a high meningococcus carrier-rate, and the latter to the 
circumstances of overcrowding, particularly in sleeping quarters. They 
defined four serological types of meningococcus and introduced treatment 
with monotypical antisera: this work was more directly Gordon’s personal 
contribution to the study than any other, but he was also mainly concerned 
in the attempts to improve the efficacy of therapeutic serum and to devise 
a measure of this. Other aspects of the work were improvements in laboratory 
diagnostic methods, and particularly in media for cultivating the organism, 
and the organization and study of the mass disinfection of carriers by anti- 
septic steam inhalations. That such measures are now outmoded or super- 
fluous in view of the facility with which meningococcal infection can be 
treated by other means does not detract from the merits of a monumental 
piece of work by the standards of forty years ago. 


Studies of filtrable viruses 


Apart from the time he spent at Millbank during the war, Gordon had 
worked continuously at St Bartholomew’s Hospital throughout his career, 
and since 1908 had held the position of Assistant Pathologist, which involved 
both teaching duties and responsibility for hospital diagnostic work. In 1923 
he resigned this appointment, retaining only the honorary title of Consulting 
Bacteriologist, in order to devote his whole time to research; he remained 
in the Department, but as a member of the external staff of the Medical 
Research Council. 

The work to which he wished to devote his whole time was the study of 
virus diseases. This was not new to him: he had published two papers on 
poliomyelitis in 1912, two on mumps shortly after this, and one on the 
‘filter-passer of influenza’ in 1922. The first item in his programme was 
a systematic re-study of the properties of a well-known virus, and he chose 
that of vaccinia. His monograph on the viruses of vaccinia and variola, 
published in 1925, is a classic. He showed how a characteristic animal lesion 
can replace the artificial cultivation used for bacteria as an indicator of the 
presence of living virus: since multiple local lesions can be produced with 
vaccinia in the rabbit he was able to do extensive quantitative work, deter- 
mining the amount of virus in different vaccine lymphs, and the effect on it 
of heat, various disinfectants, gravity and filtration. He also studied different 
routes and methods of inoculation, the immunity resulting therefrom, the 
antibodies on which this depends, and the immunological relationship 
between the viruses of vaccinia, variola major and alastrim. The agglutination 
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of virus particles from the crusts of a doubtful skin lesion by immune serum 
became on the basis of this work a method of verifying a diagnosis of small- 
pox. 

Shortly after this he resumed the study of mumps, succeeding for the 
first time in transmitting this infection to monkeys, and contributed to the 
work on psittacosis which followed the discovery that this is a virus disease. 
This work filled an intervening period before his absorption in another 
problem which was almost wholly to occupy the rest of his working life. 


Hodgkin’s Disease 


Mrs T. E. Rose, a relative of a member of the St Bartholomew’s staff, 
whose daughter had died of Hodgkin’s disease (lymphadenoma) had placed 
a fund at the disposal of the Medical School for research into the cause of 
this disease. A Research Fellow received the income for the greater part 
of the ten-year period to which this endowment was limited: towards its 
end there seemed no likelihood of a suitable further appointment, and a 
large sum remained unexpended. In these circumstances Gordon assumed 
direction of a team of workers, consisting mainly of colleagues but also 
including Dr Beatrice D. Pullinger, who played various parts in a concerted 
scheme for re-investigating the disease during the years 1928-29. Much 
of this work was ancillary to his own, which consisted of searching in affected 
tissue for different types of micro-organism, plentiful material being made 
available by the willing co-operation of the clinical staff. Among types of 
micro-organism systematically looked for were Mycobacteria, spirochaetes 
and fungi: at one stage the efforts of several workers were concentrated on 
the latter, 14 strains of which Gordon had recovered in culture from lymph- 
adenomatous tissue. The eventual conclusion reached was that these must 
have been contaminants. 

When the ‘Rose Research’ came to an end, Gordon continued this study 
alone, having by then reached the conclusion that the cause of lymph- 
adenoma is a virus. Of his two main items of direct evidence for this, one 
was the production in rabbits by intracerebral inoculation with autolyzed 
tissue of a peculiar type of non-transmissible encephalitis. This phenomenon, 
generally known as the ‘Gordon test’, was later shown to be reproducible 
with other material containing eosinophiles, and the peculiar reaction in 
the rabbit’s brain is now believed to be connected with a derivative of this 
cell and not with any hypothetical causative agent in tissues affected by 
lymphadenoma. His second finding, one on which all his subsequent work 
depended, was the demonstration in affected tissue of what were said to be 
virus particles, or elementary bodies. Having found these, he conceived the 
idea of treating cases of the disease with a vaccine consisting of these particles 
‘sensitized’ by treatment with immune serum prepared in rabbits. It should 
be borne in mind in this connexion that in the first decade of this century 
and after, many people had believed in the feasibility of treating existing 
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and even acute infections by means of vaccines, and Gordon himself had 
been a strong advocate of the use, particularly in severe haemolytic strepto- 
coccal infections, of a vaccine ‘sensitized’ by the method of Besredka, i.e. one 
which had absorbed the antibody from an immune serum. 

Although clinical benefit was reported to follow this treatment for lymph- 
adenoma, it has to be said that many of his colleagues and associates felt 
unable to follow him when his work had reached this point. It is almost 
superfluous to say that the demonstration of minute particles by prolonged 
staining with aniline dyes or by any other simple microscopic method is not, 
by modern standards, adequate evidence of the presence of a virus. It is 
perhaps significant that when Gordon embarked in 1923 on his first systematic 
study of a virus, he did so ‘in the hope that immunological and, especially, 
serological methods of procedure that have done yeoman service in the past 
in the elucidation of diseases due to one or other of the well-known patho- 
genic micro-organisms might, possibly with some slight adaptation, prove 
capable of similar service in the present instance’. The policy of applying 
old methods to a new problem succeeded in this connexion, but when trans- 
lated into a more difficult and obscure field it should perhaps have been 
supplemented by the use of more modern aids to the study of viruses. Gordon 
was a master of many methods employing serology or animal inoculation, 
but he never attempted cultivation of the chick embryo or possessed— 
or desired to possess—an ultracentrifuge, an electron microscope, or any 
of the finer tools which virus workers now employ. 

In the last of his working years and during his retirement his mind was 
much occupied with viruses as the causes of other diseases than lymph- 
adenoma. He described experiments suggesting that rheumatism may be 
so produced, and consistently supported the view, which he had held for 
many years, that viruses are concerned in the aetiology of cancer. 


Honours: personal qualities 


Gordon was an original member (1909) of the Army Pathological Advisory 
Committee, and after his service in the 1914-18 war remained Consulting 
Bacteriologist to the Army for many years. It may be presumed that his 
services to the Army were largely responsible for his appointment as C.M.G. 
in 1917 and C.B.E. in 1919. He was elected F.R.S. in 1924, and received 
the Hon. LL.D. of Edinburgh University in 1931. 

He never held a University chair or readership, being content to serve 
at St Bartholomew’s under the late Sir Frederick Andrewes, and at a time 
when he would have been given greater responsibilities in his department 
had he sought them, resigned from the staff to devote himself entirely to 
research. No man was ever more absorbed in his work: he took little interest 
in the average man’s amusements, in money, or in honours, and never seemed 
to look forward to a holiday. This is not to say that he had no other interests: 
he was an archaeologist in the literal sense of loving everything that was 
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old, particularly if it was also rare and of obscure origin or nature. He 
collected china, prints, and books, especially early medical classics, and had 
an extensive knowledge of history. When excavations were going on in the 
neighbourhood of St Bartholomew’s he persuaded workmen to bring him 
fragments of pottery and glass, and was delighted with some iron pins which 
he believed to have been used to secure the shrouds on bodies in a plague 
pit. How varied was his knowledge may be gathered from his immediate 
identification of an object which had puzzled others as a tongue scraper. 

The dominant feature of his temperament was enthusiasm. Over- 
optimistic as he may sometimes have been, he always seemed to be hot on 
the scent of some discovery, and much of the affection he inspired was due 
to the fact that he would wax as enthusiastic over some minor observation or 
project of a junior as over his own work. The encouragement as well as the 
endless help and advice which he gave to junior, colleagues placed many 
of them including the writer in his lasting debt. His example and inspiration 
may well have induced some of them to follow a career in this branch of 
medicine. He was a beautiful technician, with a deft and almost loving way 
of handling his materials, and delighted in well-stained microscopic prepara- 
tions and successful cultures. His creed was expressed in a short paper in the 
St Bartholomew’s Hospital Journal in 1920 entitled “The spirit of research’: 
this well deserved re-publication in The Lancet in 1945, and can be read with 
profit by any research worker in any field. The following is its second para- 
graph: 

‘Research is its own reward. A genuine investigator should be equally 
immune to the praise or blame of his fellows. After all, he is the best judge. 
They can only see part of the picture. He knows the reverses, the weary 
months spent in working in the wrong direction, the failures, the mistakes, 
the scrap-heaps, the disappointments, and the snubs that Nature often 
administers to him with such vigour when he begins to feel unduly hopeful 
or elated. Nature, however, is never one-sided, and few pleasures are equal 
to that of a genuine discovery, however small and unimportant. Nor is this 
pleasure neutralised when such a discovery is found to have been made 
previously by somebody else. That gives confidence and actual encourage- 
ment to an investigator who is worth his salt. In course of time the investi- 
gator will come to realise that Nature is never wrong, that the fault—when 
fault there is—lies with himself, and thus he gradually comes to be immune 
to disappointment. Failures can interest him equally with successes; for, 
properly applied, a failure may sometimes be made to lead directly or 
indirectly to success.’ : 

Gordon is credited with a high reputation as a raconteur, particularly of 
stories connected with odd characters among Oxford dons, even in his 
undergraduate days. In the years in which I knew him he drew on an 
apparently inexhaustible supply of anecdotes, told with immense gusto, 
often Rabelaisian but never offensive. He had an acutely developed sense 
of humour and particularly of the grotesque, and his company was sought 
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for the sake of his conversation as well as his advice to an extent which must 
often have prolonged his working hours. He could afford this better than 
most, since he lived in a flat in Holborn which could be reached even on 
foot in ten minutes from his laboratory. 

He married in 1916 Mildred Olive, daughter of Sir William Power, the 
first medical officer of the Local Government Board and the immediate 
author of many of the instructions for his earlier research work. She continued 
her work as an Inspector for the Local Government Board after their 
marriage. Her death preceded his by a few months: they had no children. 


I wish gratefully to acknowledge the help I have received from Mr Ernest 
Gordon, Dr Gordon’s only surviving brother, in writing of his earlier years: 
for further items of information relating to this period I am indebted to the 
Master of Marlborough, the Warden of Keble College, Mr J. B. Atkins, 
Lord Horder and Dr Bernard Klein. The Librarian of the Royal Society 
of Medicine, Mr P. Wade, very kindly provided the bibliography. 

LAwRENCE P. Garrop 
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MAURICE LUGEON 


1870-1953 


Maurice LucEon was born on 10 July 1870, at Poissy near Paris; but from 
1876 onwards his home-town was Lausanne on the Swiss, that is the north, 
shore of the Lake of Geneva. Here he died on 23 October 1953, after several 
months of illness. 


Lugeon has emphasized that two names, Chablais among places and 
Bertrand among persons, played a particularly important role in his life. 
Chablais is the district of France which faces Lausanne across the Lake of 
Geneva. Bertrand is the ever popular hero of French geology—Lugeon has 
styled him the ‘Confucius of tectonics’, that is of earth structure. 


Chablais is mainly occupied by the south-western portion of what geolog- 
ists call the Prealps, or more specifically the Préalpes romandes. Geographi- 
cally these Prealps furnish an ill-defined and local border-zone to the Alps 
as a whole. Running north-eastwards, they leave French territory near the — 
east end of Lake Geneva to continue through Switzerland to the Lake of 
Thun. Their total length is 120 km, and maximum breadth 40 km. To the 
north-west the Swiss Plain spreads out before them, mostly well below 
1000 m, whereas their own summits often reach above 2000 m, while those 
of the High Limestone Alps immediately to the south-east rise clad in snow 
to over 3000 m (Dent du Midi, Diablerets, Wildhorn, Wildstrubel). 


The Prealps are much more clearly defined in their geology than in their 
geography. Their Jurassic and Cretaceous formations are as distinct in facies, 
that is in character, from contemporaneous developments in adjacent dis- 
tricts as are the present-day inhabitants of Africa from those of Europe. In 
1893 the solution of this extraordinary puzzle was suddenly recognized; and, 
as we Shall see, Lugeon played a part in alerting Schardt, the actual author of 
the discovery. The Prealps are a complex exotic mass which has travelled into 
position from distant southern sources. Where they now stand they hide local 
formations under foot. They are a complex mass in that they consist, not of a 
single mighty displaced sheet of rock, but rather of a number of such sheets, 
partially superimposed, each with its own particular facies. The principal 
sheets, or nappes, have been named from above downwards as follows 
(though the confusion is sufficient to render it doubtful whether the Simme 
Nappe should not be better classed as intermediate in position between the 
Breccia and Klippe Nappes): 
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Simme Nappe, 

Breccia Nappe, 

Klippe Nappe, 

Niesen Nappe, 

Col Nappes. 

In our map the Prealp nappes are variously ornamented, while the lower 

less-travelled or untravelled structural elements are distinguished by 
horizontal ruling. 


& 
Z PENNIDE OUTCROP 
Structural Map of the 
PREALPS ETC. 

Zz | ES Sime Nappe. 
= es Breccia Nappe. 
WILL) 4“pe Nappe. 
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|__| Helvetides, Parautochthon 
€ Autochthon. 





With this introduction let us return to Lugeon. In 1885, when only fifteen 
years old, he began to accompany an assistant surveyor engaged in preparing 
the official geological, 1:80000 map of the French portion of the Prealps. He 
soon learnt the jargon of Flysch, Red Beds, Lias, etc.; and in 1887 he pub- 
lished his first paper, dealing with a Mid-Tertiary flora he had found in an 
excavation at Lausanne. By 1891 he was quite an author with six papers to 
his credit. By this time too he had advanced to the position of rucksac-carrier 
to Renevier, Professor at Lausanne, who, though a Swiss, was chief surveyor 
in the Chablais district. 

As often in complicated country, differences of opinion arose in regard to 
the age of particular formations. The Breccia Nappe, more often called the 
Chablais Breccia Nappe, has outcrops both in the French and Swiss portions 
of the Prealps. One of its component formations consists of dolomite and 
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gypsum, very like what is found in the Trias of neighbouring districts. 
Renevier, following Alphonse Favre, correctly placed this dolomite-gypsum 
formation in the Trias. On the other hand his colleague Auguste Jaccard, 
Professor at Neuchatel, preferred to call it Mid-Jurassic; while Hans Schardt 
and Ernest Favre, working in Switzerland, for a time thought it was probably 
Early Tertiary. 

The difference was characteristic. Renevier paid little attention to 
structural relations, and in absence of fossils was prepared to recognize a 
formation by its lithological character, however difficultly placed it might 
appear to be. Schardt on the other hand had a clear perception of structure. 
He saw that the Chablais dolomite overlay Tertiaries on a wide scale, and he 
therefore sought to interpret it as itself a Tertiary formation, disguised in 
curious Prealpine fashion. In 1891 Schardt abandoned this view, and even 
admitted that the associated Chablais Breccia, a great sedimentary con- 
glomeratic breccia-formation, might be Jurassic. All the same he seems to 
have continued rather muddled, for his somewhat tentative change of 
stratigraphical outlook did not lead to corresponding tectonic enlightenment 
—nor indeed did Jaccard’s confident assignment next year of the Breccia to 
the Jurassic. 

Let us here return to Lugeon. Michel-Lévy, Director of the French 
Geological Survey, had become alarmed at the differences of opinion noted 
above, and in 1891 came for a field-conference with Renevier and Jaccard, 
accompanied as it happened by young Lugeon. The latter seems to have taken 
an active part in the ‘vast discussions’ that followed, for, to the chagrin of 
Renevier, Michel-Lévy carried him off alone to try his mettle in the 
neighbourhood of St Gervais; and also, without a word to Jaccard, asked 
him to prepare a report on the massif of the Chablais Breccia. 

Next year Michel-Lévy called in Marcel Bertrand to share in the mapping 
of Chablais, allotting him the Méle, a mountain on the western edge of the 
Prealps. Bertrand asked Renevier to introduce him to the local stratigraphy, 
and so the two set off on 22 June 1892, with Lugeon in attendance. Bertrand, 
though 45 years old, was still full of gaiety and high spirits, and proved very 
congenial company for Lugeon in contrast with the water-drinking, non- 
smoking, solemn Renevier. Before reaching Taninges, Renevier had turned 
back; and Lugeon took his new friend to see an,exposure which the previous 
year he had thought showed Coal Measures on Carboniferous Limestone. 
When they arrived they stood utterly astonished, stupefied. The limestone 
had all the appearance of Upper Cretaceous (since confirmed). 

‘Try,’ says Lugeon, ‘to carry yourselves back to the antenappist epoch. 
If one found tomorrow granite on top of the Eocene of the Paris Basin, one’s 
stupefaction would certainly be less than that into which Bertrand and I 
were on this occasion plunged.’ Lugeon’s exclamation of amazement is very 
revealing. Prealpine geologists had got fairly well accustomed to seeing 
Trias on Tertiary, but Coal Measures on Upper Cretaceous was a new 
- combination, and it reawoke the instinct of wonder. 
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We must pass on. Lugeon’s work on the Chablais Breccia, which had been 
started in 1891, roused Michel-Lévy to such enthusiasm that he brought his 
family to the district in 1892 and 1893 to follow the results in person. In the 
latter year Lugeon published five papers on Chablais geology, two of them 
with Renevier. He also, again associated with Renevier, helped to lead an 
excursion of the Swiss Geological Society, which was attended by, among 
others, Michel-Lévy, Bertrand, de Margerie, Kilian, Haug and Duparc. 
Battles royal ensued. Lugeon established to everyone’s satisfaction that the 
Chablais Breccia is indeed Jurassic. He also demonstrated that in the impor- 
tant area overprinted with the name Breccia Nappe on our map this Chablais 
Breccia with underlying Trias rests peripherally almost everywhere on 
Tertiary strata. For Lugeon, in his youth and inexperience, the structure 
seemed to be a mushroom-fold, in which older rocks were supposed to have 
risen centrally through younger, thereafter to spread out in all directions. 
Here Lugeon made a structural mistake. Bertrand, who in good humour 
had been chaffing the leaders and others as they went along, now spoke in 
serious vein: ‘Perhaps one day it will be said that the Breccia massif is a 
lambeau de recouvrement a little larger than the others.’ By this he meant that the 
outcrop under discussion very probably ‘floated’ completely isolated on a 
foundation of younger formations, without the imaginary mushroom root 
that Lugeon postulated. 

Lugeon in reminiscences of Marcel Bertrand published in 1951 reports as 
follows: ‘The magnitude of this hypothesis surpassed our comprehension, 
so that no one at the time paid it any attention; but, when I repeated it some 
days later at Lausanne before the Swiss Geological Society, including Albert 
Heim the defender of the Glarus Double Fold, there was one there, Hans 
Schardt, who adopted it, and who a few months later put forward the idea of 
the travel of the Prealps without a word of Bertrand’s hypothesis, without 
mention of what I had said in his presence. Several times [in after years] 
Marcel Bertrand, a little bitterly, told me how much he regretted not having 
insisted on immediate publication, along with myself, of this his vision. But, 
he added, he had not wished to influence me in regard to the idea which I 
had developed, perhaps with reason, regarding peripheral over-turning in the 
famous mushroom-fold and in a neighbouring double fold in the Val d’Ilier, 
similar to that of the Glarus mountains. To call in question the Glarus 
Double Fold was heresy sufficient to bring one to a funeral pile in the Place de 
Gréve! Naturally Bertrand did not wish to precipitate me into controversy.’ 

Thus Lugeon to the end felt that Schardt had wronged Bertrand in his 
1893 reinterpretation of the Prealps. Schardt was a difficult man, who 
quarrelled with many of his contemporaries; but there is good reason to 
believe him entirely innocent in this particular connexion. It is pleasant, for 
instance, to read in his 1893 announcement: ‘The savant who above all 
brought home to us this phenomenon [large-scale overthrusting], of which 
he already spoke some ten years ago, is Marcel Bertrand; and one can well 
say that in its demonstration M. Bertrand has acquired a merit equal to that 
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of Charpentier when the latter established the theory of the glacial period.’ 
‘This statement errs rather on the side of exaggeration, if we think of earlier 
and contemporary research in Switzerland, Quebec, Belgium, Scotland and 
Scandinavia; but at any rate it is a generous tribute. True, there is no 
allusion to Bertrand’s conversational criticism of Lugeon’s mushroom; but 
anyone who has followed closely Schardt’s self-education must realize that 
by 1893 he (Schardt) scarcely needed prompting in this matter—beyond 
being convinced by Lugeon’s detailed field-work of the Jurassic age of the 
Chablais Breccia. Schardt right up to the spring of 1893 had developed 
structural interpretations of the Klippe Nappe, which came very near in 
style to Lugeon’s mushroom; but they were not so extreme, and the mushroom 
itself proved more than he could swallow. He knew the Swiss outcrops of the 
Breccia Nappe, 30 to 60 km north-east along strike from the main Chablais 
outcrop. In them Trias and the Chablais Breccia occur in patches, large and 
small, obviously ‘floating’ on Tertiary. No, said Schardt, if the main Chablais 
mushroom is not in itself incredible, at any rate a whole crop of mushrooms 
is absurd. Schardt had struggled with Prealpine problems for some fourteen 
years. Bertrand had come to the district only the year before. Once Schardt 
knew for certain that the amazing Chablais Breccia was Jurassic, he realized, 
what apparently escaped Bertrand, that its utterly extraordinary facies, 
combined with its structural position, bespoke travel from a distant source, 
and also that an extension of the same principle solves the riddle of the 
Prealps as a whole. 

Bertrand’s paper of ‘some ten years ago’ (1884), referred to by Schardt, 
‘was, in the main, a brilliant and well-merited criticism of the prevailing 
Escher-Heim conception of the Glarus Double Fold. In the text Bertrand 
devoted two sentences to the Prealps, and in the accompanying map marked 
all their Mesozoic outcrops as lambeaux de recouvrement. Quite apart from what 
‘we have already discussed, various writers have claimed that Schardt’s 
theory plagiarizes this early presentation. When, however, we look into the 
facts we find ourselves immersed in a comedy of errors: 

(1) Bertrand deserves little or no credit for this particular aspect of his 
1884 paper. He had not visited the ground and he merely suggested that the 
Mesozoic outcrops of the Prealps overlie the local Tertiary because they 
make most of the high ground. Actually, however, the Mesozoics as often as 
not pass underneath associated Tertiary. 

(2) Schardt, in the longer of his two 1893 papers does in fact refer to 
Bertrand’s 1884 idea of probable nappes recouvrement in the Prealps; but he 
makes the strange mistake of imagining that Bertrand pictured southward 
nappe-travel. Most emphatically Bertrand, like Schardt, thought the travel 
had been northwards. Schardt was misled by Bertrand’s introduction of a 
Belgian mining term, cran de retour, which he (Schardt) misunderstood. This 
does show careless reading, but not malice. 

(3) Bertrand in a letter to Schardt in 1897 wrote: ‘As for the Prealps, I 
‘ never dreamt [in 1884] to see in them the product of an overthrust, and I 
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think I ought to add that before your own subsequent work, and that of 
Lugeon, such an idea would have been veritable folly.’ All one can say is 
that by 1897 Bertrand had forgotten part of what he had published in 1884. 

The records of the 1894 session of the International Geological Congress 
at Zurich reveal no reaction to Schardt’s theory of the Prealps, beyond 
sections and notes supplied by Schardt himself. Bertrand was there; but he 
was mainly concerned with comparison of the rhythmic development of the 
great mountain chains of the world, to which Lugeon listened in ecstasy. It is 
symptomatic of the meeting that Heim in an account of the Glarus Double 
Fold did not think Bertrand’s 1884 paper worthy of a place in his selected 
bibliography. 

Lugeon meanwhile had spent a couple of terms at Vienna studying 
palaeontology under Karl Zittel; but Michel-Lévy at Zurich decided to bring 
him to Paris to facilitate supervision of his Chablais memoir. So we find the 
young recruit duly installed in a little room of the Geological Survey, with 
the Director calling on him twice a week to check up on progress. Bertrand 
also looked in, but his visits were more or less surreptitious. Michel-Lévy 
was conservative and wanted to hear nothing of nappes de recouvrement. 
Bertrand contrariwise egged Lugeon on. Michel-Lévy would demand 
rubber to limit underground suggestions. Bertrand would complete a broken 
line regardless of prudence. Once the two great men arrived together, and 
before long Lugeon, helpless, saw his Chablais drawing disappear under 
rival versions of the tetrahedral theory of the earth. 

Besides benefiting from close conversation with Bertrand, Lugeon attended 
his lectures at the School of Mines, and enjoyed his frequent exchanges with 
Haug at the Geological Society. Haug, with Alsatian violence and admirable 
dialectic, was hard to vanquish. He thought little of Bertrand, and constantly 
advised Lugeon not to waste time on his lectures. 

Meanwhile geology progressed. Schardt’s 1893 announcement after a little 
delay stirred up passionate controversy, which, though short-lived, exceeded 
in printed bitterness anything that Scottish Highland interpretation has 
provided during a century. Lugeon was one of the first to desist from attack. 
Writing in 1895 we find him closing his great memoir on the ‘Région de la 
Bréche du Chablais’ with the words: ‘It is with doubt, mingled, however, 
with conviction, that I finish this work.’ Next year he declared himself com- 
pletely satisfied. 

This takes us to 1896 when Lugeon was appointed Privat-docent at 
Lausanne University. The same year he spent a stimulating week with 
Bertrand and Henri Golliez while these two successfully investigated the 
region between Glarus and the Prealps to clarify structural relationships. 
Then in 1898 Lugeon was promoted Professeur extraordinaire, a post which 
he held until 1906 when he succeeded Renevier as Professeur ordinaire. 

Lugeon’s conversion and Bertrand and Golliez’ collateral support produced 
a great impression on those who watched the Alpine struggle. This was 
enhanced in 1900 by Lugeon’s discovery of a root in the Rhone valley for the 
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lowest of the Prealpine nappes. The locality is included in our map just 
above the index in the area overprinted ‘Col Nappes and Main Pennide 
outcrop’. For many it seemed that Lugeon had succeeded in bringing the 
nappe interpretation of the Prealps down from the clouds to solid earth. 

The thirty years following 1893, tempestuous in early stages, saw the most 
exciting rush of fruitful research that has ever stood to the credit of geology. 
The field was the structure of the Alps; the participants, French, Swiss, 
German,: Austrian, Italian. In distinguished company Schardt and Lugeon, 
both now superb tectonists, led the van. Contributions came from every side. 
Among them three, perhaps, may be singled out for special mention: 
G. Steinmann’s realization of the Simme Nappe in the Prealps, 1906; E. 
Argand’s conquest of the Pennines, south of the Prealps, 1911, 1916; and 
Termier’s unveiling of the Window of the Hohe Tauern in the Austrian Alps, 
1903. Steinmann was one who came to curse and stayed to bless. Argand 
and Termier were definitely inspired by Lugeon. 

Argand’s relations with Lugeon were particularly intimate. Abandoning 
a training for medicine he came to Lugeon in 1905 as a most exceptional 
student. For the next seven years the two worked in close collaboration, 
until in 1911 Argand was persuaded to take the chair at Neuchatel in 
succession to Schardt who followed Heim at Zurich. Two joint notes by 
Lugeon and Argand in 1905 introduced a new attack upon the Pennines; 
but later Lugeon generously refused to be drawn into co-authorship on this 
subject, for he wanted all to realize the extent of Argand’s originality. 

Lugeon’s greatest personal triumph came with his delivery, before the 
Geological Society of France, of a paper entitled: ‘Les grandes nappes de 
recouvrement des Alpes du Chablais et de la Suisse.’ The occasion was a 
réunton extraordinaire, 3-11 September 1901, at Lausanne and in Chablais. 
Most of the reunion was devoted to excursions in the Prealps, but the above- 
mentioned paper, delivered on the last day, covered.all that was known of 
nappe structure, not only in the Prealps, but also in the High Limestone 
Alps and even the Pennines. Lugeon repeated this account next year on 
17 February at a session in Paris. As might be expected he included a 
reinterpretation of the Glarus Double Fold in Bertrand’s style. Heim who 
received a proof, sent an open letter in reply, dated 31 May 1902. In it he 
frankly confessed that at last he was strongly inclined towards the Bertrand 
interpretation, and that he hoped to renew his studies in the district and 
share in the joy of further discovery. Next year at the 1903 meeting of the 
International Geological Congress in Vienna, Lugeon continued with an 
address on ‘Les grandes nappes de recouvrement des Alpes suisses’. On this 
occasion Heim was present, and electrified his audience with a full enthusi- 
astic acceptance of the new views. Heim’s conversion was comparable in 
its effect upon the outside geological world with Geikie’s 1884 change of 
front in relation to the North-West Highlands of Scotland. 
_ Lugeon worked in all parts of the Alps, but he devoted particular attention 

to the High Limestone Alps of the Valais, which he mapped in great detail 
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and described in parts 1-3 of a special memoir of the Swiss Geological 
Survey, 1914-18, entitled: ‘Les Hautes Alpes calcaires entre la Lizerne et la 
Kander’. We have already mentioned his discovery of a Prealp root in this 
region. He also demonstrated that, though the High Limestone nappes on the 
whole underlie the Prealp nappes, they also on occasion rise and intrude 
themselves, as it were, into their tectonic cover. Lugeon’s introduction of 
a wealth of apposite detail reveals true genius, alike of observation and 
exposition. His story keeps us constantly aware of the fascination of the 
subject and of the grandeur of its setting. It also conveys some small sugges- 
tion of the hardship and danger faced by a solitary investigator in such 
environment. ; 

By this time the climate of geological opinion had undergone an over- 
whelming change. Lugeon naively remarks that it had begun to rain nappes, 
and that anyone visiting a mountain expected to find a new nappe that he 
could claim as his own. 

Outside the Alps Lugeon’s most notable tectonic papers concerned the 
Carpathians, 1903, and, with Argand, Sicily, 1906. In addition his work on 
applied geology brought him international renown as a consultant on dam- 
sites; so much so that in certain circles he is known as the ‘pére des barrages’. 
In 1909, a group of French engineers had persuaded him to study a project 
on the Rhone at Génissiat below Bellegarde, which occupied much of his 
time for the next twenty years. He also participated in the Donzere-Mon- 
dragon scheme, much further down the Rhone, and in many others, some 
of them in Africa and the Americas. His book, Barrages et géologie, 1933, 
Lausanne and Paris, is a classic based on his rich personal experience. 

Anyone who has helped to trace major structures in a folded mountain 
chain finds himself faced primarily with the question of what has happened. 
He is, however, conscious all the time of supplementary questions of how 
and why, when and where. To these supplementary questions Lugeon in his 
later years devoted increasing attention, following an example set by 
Schardt and Argand. It is a field of thought where extrapolation from fact to 
fancy is of necessity embarrassingly free, but Lugeon’s qualifications as a 
tectonist and as an associate of engineers render his opinions worthy of close 
consideration. In publications of 1940 and 1941, in part with D. Schneegans 
and E. Gagnebin, he attempts to separate effects determined by the pull of 
gravity from others more immediately due to external push—the latter 
ascribed to Taylor and Wegener’s continental drift. Lugeon, for instance, 
excluded the Jura mountains from the push category. His argument here 
is reminiscent of A. J. Bull’s 1928 Presidential Address to the Geologists’ 
Association; but it has features all its own, Other related suggestions appear 
in a note on “diverticulation’, 1943, a digression on the Morcles Nappe, 
1947, and a contribution to Charles Jacob’s jubilee, 1949. In the last-men- 
tioned, Lugeon accepts unreservedly an interpretation of ‘collapse structure’ 
given by J. V. Harrison, N. Leslie and N. L. Falcon in regard to a well- 
known exposure in Iran. 
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Scottish geologists remember a very happy visit by Lugeon to the North- 
West Highlands in 1912. He was one of a party including among others 
Barrois, Haug, Heim, Jérémine, Leith, Pruvost, Reusch and Tietze. The 
leaders were Peach and Horne, following a British Association meeting at 
Dundee, where Peach had presided over the Geological Section. In com- 
memoration Lugeon composed the words and music of ‘La Chanson du 
Moine Thrust’, and had it printed for private circulation. The song tells how 
the Moine Thrust, if it had but wished, might have covered the whole earth 
and even annexed the moon in the name of Scotland; but to the sorrow of the 
good Dr Horne it had found ‘Peach avec sa panse pleine un peu lourd a 
porter.’ When in 1938 Lugeon received the Wollaston Medal at the hands of 
the Geological Society of London, he recalled this incursion into the realm 
of poetry and music adding: ‘Dans cette direction de l’esprit, je n’ai jamais 
renouvelé un pareil incident dans mon existence.’ On his Wollaston visit 
Lugeon found time to examine the outposts of the Alps deployed on the 
Dorset coast. 

Lugeon was appointed Honorary Professor at Lausanne on his retirement 
in 1940. His other honours at home and abroad are far too numerous to 
recite on this occasion, beyond the following brief selection: 1920, Corres- 
pondant de l'Institut de France; 1936, For. Mem. R.S. Edinburgh; 1937, 
Grand Officier Lég. d’hon., France; 1938, Wollaston Medal, Geol. Soc., 
London; 1944, For. Mem. R.S. London. His appointment as Grand Officier 
Légion d’honneur was made on the occasion of a University celebration of 
the 50th anniversary of his first scientific publication. 

Lugeon is survived by his widow Mme Ida Lugeon-Welti and a son 
Jean, Director of the Swiss Meteorological Office, Zurich. 

Notes et Publications de Maurice Lugeon, Lausanne, is in the main a list of 
Lugeon’s works.* It has been brought up to date on a number of occasions, 
mostly celebrations of important anniversaries. The sixth edition, 1950, 
marked Lugeon’s 80th birthday and includes 292 entries. Two later valuable 
communications will be found in ‘Réunion géologique en Provence pour 
commémorer le cinquantenaire des oeuvres de Marcel Bertrand, 28 Sep- 
tembre-6 octobre 1950’, Ann. Fac. Sct., Marseille (2), 21, 1951. They furnish, 
not only welcome reminiscences of Bertrand, but also a defence of two of his 
tectonic interpretations in Provence, which have been exposed to ill-founded 
criticism. 


I should like to thank Professor M. H. Badoux of the University of Lausanne 
for the loan of the half-tone block of the portrait of Maurice Lugeon; also 
the,Clarendon Press for permission to reproduce the map from my book 


Tectonic Essays: Mainly Alpine, 1935. 
E. B. BarLtey 


* A complete list with 299 entries is promised in the Bulletin of the Geological Society of France. 
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OTTO MEYERHOF 
1884-1951 


Orro MEyERHOF was born on 12 April 1884 in Berlin and died in Phila- 
delphia on 6 October 1951 at the age of 67; he was the son of Felix Meyerhof, 
who was born in 1849 at Hildesheim, and Bettina Meyerhof, née May, 
born in 1862 in Hamburg; both his father and grandfather had been in 
business. An elder sister and two younger brothers died long before him. 

In 1923 he shared the Nobel prize for Physiology (for 1922) with A. V. 
Hill. He received an Hon. D.C.L. in 1926 from the University of Edinburgh, 
was a Foreign Member (1937) of the Royal Society of London, an Hon. 
Member of the Harvey Society and of Sigma XI. In 1944 he was elected a 
member of the National Academy of Sciences, U.S.A. 

Otto Meyerhof went through his school life up to the age of 14 without 
delay, but there is no record that he was then brilliant. When he was 16 he 
developed some kidney trouble, which caused a long period of rest in bed. 
This period of seclusion seems to have been responsible for a great mental 
and artistic development. Reading constantly he matured perceptibly, and 
in the autumn of 1900 was sent to Egypt on the doctor’s advice for recupera- 
tion. In this trip.he was accompanied by a young physician, a member of 
his father’s family (Dr Max Meyerhof) who was about 10 years his senior. 
This trip which lasted four months appears to have had a great influence on 
his further development. When home he finished his last years of school 
and final examination in Berlin with far less strain than before his journey. 

He was evidently much influenced by the close friendship and mutual 
understanding that developed between his mother and himself during the 
months of his illness and which lasted until her early death in 1915; during 
these years he started to write poetry. After leaving school he began studying 
medicine, in Freiburg, Berlin, and later in Strassburg and Heidelberg, 
and took his medical degree in 1909. During his first term as a student in 
Berlin his time was evidently much taken up with problems of adult educa- 
tion and he initiated friends’ organizations for evening classes for labourers 
in Berlin which were continued for several years. At Heidelberg he first met 
Hedwig Schallenberg who became his wife in 1914 and who survived him; 
she was killed in a motor accident in 1954; they had three children; a son 
and daughter now in the U.S.A. and a son now in Canada. Mrs Meyerhof’s 
sweetness of temperament and devotion to her family, together with her 
keen interest in art, provided the stable background to Meyerhof’s life. 

In Heidelberg he occupied himself with psychiatry for his doctorate, 
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obtained in 1909; and he was first importantly concerned with psychology 
and philosophy. In this time he published a book Beitrége zur psychologischen 
Theorie der Geistertérungen. With his psychological and philosophical studies 
this notice will not be concerned. His attention seems to have been directed 
first by Otto Warburg (then in Heidelberg, later in Berlin-Dahlem) towards 
physiology and to problems of cell physiology, and this association proved 
important for his career. After he had worked for a short time with Bredig in 
Heidelberg upon physico-chemical studies at the Heidelberg Klinik and at 
the Zoological Station at Naples, he went to the physiological laboratory 
at Kiel in 1912, at first under Professor Hans Bethe, from 1915 under Pro- 
fessor Rudolf Hober: in 1918 he became assistant professor there. 

In 1924 the Kaiser-Wilhelm-Gesellschaft asked Meyerhof to join 
the group in Berlin-Dahlem; in this way he became directly associated with 
such figures as C. Neuberg, F. Haber, M. Polanyi and H. Freundlich. In 
1929 he was invited to take charge of the Physiology Department of the new 
Institute for Medical Research in Heidelberg, where he had R. Kuhn, K. W. 
Hauser and R. Krehl as colleagues. A most fruitful period followed; but 
gradually after 1933 conditions became too difficult; he was not even given 
permission to attend the International Physiological Congress in Zirich in 
1938, and in this year he left Germany with his wife and family. Until 1940 
he worked as Directeur de Recherches at the Institut de Biologie physico- 
_ chimique in Paris, where he received support from the Josiah Macy Jr. 
Foundation. 

The details of his subsequent history were given by Dr A. N. Richards in 
the Memorial meeting at Philadelphia. In June 1940 he and his family drove 
by taxi to Toulouse where he found friends in the Medical Faculty. This 
could not be for long and escape became essential. From now on, the history 
of the family’s flight from France reached the high-light of tragedy shown by 
large numbers of refugees, and could be narrated similarly for many Dutch- 
men and others. Eventually, by the efficient and kind help of the Unitarian 
Service Committee, they escaped over the Spanish frontier; but it seemed 
that their fate was for long in the balance, and that had it not been for the 
tactful and persistent arguments of Mrs Meyerhof they would have been sent 
back to France. Eventually, they reached the U.S.A. via Lisbon in October 
1940, where a post in the University of Pennsylvania had been created 
jointly by the University and by the Rockefeller Foundation; so Meyerhof 
spent the last years of his life in the Department of Physiological Chemistry, 
directed by Wright Wilson. He found many old pupils in the U.S.A. who 
rallied to help him. During the summer months, he mostly worked at the 
Marine Laboratories, Woods Hole, where he had his first heart attack in 
1944; this he surmounted through the devoted care of his wife. His second 
fatal attack came suddenly in the midst of active plans for the future. 

As the writer of this obituary only had the privilege of meeting Otto 
Meyerhof for short times on four occasions, Dr H. Blaschko, one of his co- 
workers now in Oxford, has kindly provided the accompanying note. 
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‘In 1923 Meyerhof received the Nobel Prize (it was the prize of 1922) and 
soon he was installed at Dahlem. He had been offered the Chair of Bio- 
chemistry at one of the great American Universities (Johns Hopkins?), and 
in order to secure his stay in Germany, the heads of the various departments 
at the Kaiser-Wilhelm-Institute for Biology at Dahlem (Correns, Gold- 
schmidt, Warburg, Hartmann and Mangold) approached the Kaiser- 
Wilhelm Society; they said they were willing to give up one room each if the 
Society agreed to create a new department for Meyerhof. The Society raised 
the necessary funds, and within a few weeks Meyerhof was at work in 
Dahlem. His department suffered from the disadvantage that the rooms were 
scattered over three different floors of the building, but on a smaller scale 
there were already all the elements which were present in his much greater 
and beautiful institute at Heidelberg. Lohmann was there from the start, 
and so were the two assistants, Schulz and Schréder. The latter two are still 
at work in the institute in Heidelberg, together with Mohle who joined them 
upon arrival in Heidelberg. This continuity of the staff was a great asset for 
the establishment of a laboratory tradition: visiting scientists were quickly 
assimilated and they lost little time in the preliminary stages of their 
stay. 

“Their main introduction into the spirit of the laboratory however, came 
from Meyerhof himself and the example set by him as an experimenter. It is 
as an experimenter that we remember him first and foremost. He was forced, 
by the fertility of his own work and that of his colleagues as well as by his 
own theoretical interests, to spend a good deal of his time at his desk, but one 
got the impression that he was always impatient to get back to the bench. 
His pupils remember how the morning’s work was first discussed with Schulz; 
then he used to return to his office only to hurry back at intervals to the 
bench: he was always there in time for the start of the experiment proper. 
His own experiment always remained for him the most important part of the 
day’s work; this is what we remember more than anything else. At first sight 
this might appear surprising, as by temperament and by training Meyerhof 
was interested in theory and interpretation. It is this central importance of 
the experiment that Meyerhof’s pupils took away as the most important 
influence of the Meyerhof tradition. But there were other factors which 
explain why his laboratory became such an important training field. In 
spite of his pre-occupation with his own work he daily saw each of his younger 
colleagues to discuss the day’s work. And then there were occasions when 
in his office the general plan of the work was reviewed. Often these talks took 
up more of his time than he had originally intended; he was often anxious 
to get back to his own experiment. But when his attention had been caught 
time did not matter. These are the occasions that stand out in one’s memory. 
Here we were able to contribute our own ideas, but also to profit from his 
constructive suggestions and his critical ability. Already at Dahlem, Meyerhof 
had started informal colloquia for the small group of his colleagues; in Heidel- 
berg there was also the colloquium of the Institute as a whole, to which 
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visitors were invited. The writer remembers to have met some of Professor 
Embden’s younger colleagues at these occasions; Frankfurt was close enough 
for them to accept an invitation to these colloquia. 


‘Meyerhof’s critical attitude did not prevent him from readily discarding 
outworn interpretations, however important, and accepting new ones sup- 
ported by adequate evidence. The writer recalls vividly an experience when 
he visited Heidelberg in December 1929. Meyerhof was just beginning work 
in the still unfinished new Institute. The floor boards had not yet been laid 
down and the benches had to be reached on insecure planks, but since gas 
and water had been installed, experiments were in full progress. Meyerhof 
was impatient to start work. Later, in his also unfinished office he told of 
Lundsgaard’s letter describing his still unpublished experiments, according 
to which lactic acid production was not essential to muscular contraction. 
He was expecting Lundsgaard in the laboratory in the coming month, but 
although reserving final judgment until Lundsgaard’s arrival, he was quite 
prepared to believe that Lundsgaard was right. The present writer, who 
earlier on had witnessed Meyerhof’s critical attitude to Embden’s experi- 
ments on the time course of lactic acid formation, still remembers his surprise 
at the readiness to consider these new and—to Meyerhof—still unverified 
observations. 


“The Heidelberg Institute was ideally suited for experimental work. Even 
today, after 25 years, it impresses the visitor as a beautifully planned build- 
ing. Meyerhof required much specialized equipment, but as he was never 
content with existing methods there was never any finality in the experi- 
mental set-up. The Institute was well-adapted for these needs. 


‘Although not endowed with great manual skill, Meyerhof has been 
responsible for many experiments which require delicate manipulation. 
Almost invariably he contributed the basic idea for a new apparatus which 
then found its final shape in the hands of his skilful helpers, Schulz and 
Mohle. 

‘Meyerhof made full use of the laboratory and its resources, but he was 
aware of the fact that equipment was not everything. Foreign visitors who 
had admired the Institute were sometimes at the end of their tour sent away 
with the suggestion to visit, before leaving Heidelberg, also the Zoological 
Laboratory at the University; there they would see that first-rate research 
could also be carried out under most primitive conditions. The Chair of 
Zoology at the University was then held by Herbst, for whom Meyerhof 
had great regard. 


“Meyerhof was always well-informed about progress in other fields of 
knowledge. It remains difficult to understand how in spite of a delicate con- 
stitution he was able to achieve so much. This was only possible because he 
combined great curiosity with tenacity which made him often in his work, 
disregard physical discomfort. This too became a great educating experience 
for those around him: the wish to improve in tomorrow’s experiment the 
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result obtained in today’s work; that was the main driving force and the main 
content of his teaching.’ 

The work of Otto Meyerhof and of those directed by him in all cases 
reached such a high and critical standard of scientific concept and execution 
that it would be somewhat invidious to pick out in a bibliography for special 
mention work from the large series of papers which have been published by 
himself and his pupils. Hence the bibliography attached includes papers 
emanating from his school as well as those to which his own name was added: 
this gives the most complete picture of the total scientific effort. Of other 
bibliographies the most extensive was that collected by Dr Nachmansohn 
in the Obituary written by Alexander v. Muralt, Ergebn. Physiol. 47, 1952; other 
valuable information about his life is to be found in the article by 
D. Nachmansohn, S. Ochoa and F. A. Lipmann (Science, 115, 363-369, 1952) 
and by D. M. Needham (Nature, 168, 895, 1951). 

It is clear in any case that in a short statement it is not possible to enter into 
any elaborate analysis of individual papers. If the writer was forced to make a 
selection of the two most important achievements of Meyerhof he would 
select first the definite proof that in isolated but otherwise intact frog’s muscle, 
lactic acid formed was actually reconverted to carbohydrate under the 
influence of oxygen. This biochemical study decided at once between the two 
theories, (a) that lactic acid was completely burned and, (4) that lactic acid 
was restored to the muscle as carbohydrate. It confirmed A. V. Hill’s deduc- 
tion (1914) from his observation that the heat liberated in the processes of 
contraction and recovery was not sufficient for the complete combustion of 
the lactic acid formed. About four-fifths of the lactic acid was restored to 
carbohydrate in the muscle at the expense of the burning of the other one- 
fifth part. It was this achievement which led the Nobel Committee to 
recommend for the Nobel Prize of 1922, A. V. Hill and Otto Meyerhof. 

The next most important achievement was the preparation of a KCl 
extract from muscle capable of carrying out all the steps of glycolysis with 
added glycogen or hexosedi-phosphate; in the presence of another factor, 
obtained from yeast and known as hexokinase, glucose was also glycolyzed 
in the system. It was essentially this type of biochemical preparation which 
has been used both in Meyerhof’s studies and those of others since this time; 
upon this experimental finding the modern proof of the Embden-Meyerhof 
theory of glycolysis may be said to rest. Other important discoveries arose 
from the isolation of adenosine triosephosphate by K. Lohmann in Meyerhof’s 
laboratory. Very important too was the discovery, made independently and 
about the same time by Needham and Pillai, and by Meyerhof, of the 
coupled oxidation and phosphorylation of the muscle extracts. 

Turning to a more detailed analysis; broadly speaking Meyerhof’s work 
started with respiration changes in the sea urchin’s eggs, blood cells, various 
bacteria; also the effect of narcotics and methylene blue on oxidation 
_ processes. This led him to the discovery of a respiratory component, needed 
both for glycolysis in animal tissues and for alcoholic fermentation, and 
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brought him close to the sulphydryl field, to which Hopkins made his brilliant 
contribution in 1921 with the isolation of glutathione. In 1911 a publication 
appeared upon the heat production during oxidation changes in eggs, and 
one with O. Warburg upon the respiration of killed cells and cell fragments 
(1912). For several years he wasinterested in various aspects of the respiration 
of yeast and other cells. Three papers appeared upon the nitrifying bacteria. 
These fundamental observations were soundly grounded in energetics and 
evidently prepared his mind for entry into his main life’s work towards the 
end of World War I. It was characteristic of him that while pursuing his 
problems as deeply as they would go in biochemical and physico-chemical 
analysis, he never allowed himself to forget that the ultimate aim was to 
integrate them with the phenomena of life. 

To understand the original contribution, some knowledge of the back- 
ground is necessary. W. M. Fletcher’s observations at the turn of the century 
upon CO, evolution in surviving muscle had killed the somewhat mystical 
inogen theory and opened the way for more positive studies. The work of 
Fletcher and Hopkins (1906-7) then opened a new phase of interest in muscle 
tissue with accurate observation upon the relation between the physiological 
state of amphibian muscle and the presence of lactic acid; this appeared 
anaerobically and disappeared in the presence of oxygen. This showed that 
changes occurring in small molecular substances could be fruitfully 
followed. 

In 1910, A. V. Hill started his researches upon the heat production of 
muscle, which he integrated with the observations of Fletcher and Hopkins 
upon lactic acid. Further support for the connexion between lactic acid and 
heat production in contraction was provided by R. A. Peters, working under 
Hill’s direction, in 1913. by the demonstration that the heat produced in 
frog muscles, stimulated by their nerves, quantitatively reduces the heat formed 
in chloroform rigor. Quite early Hill took up the position that there was not 
enough heat found during the recovery process in oxygen to account for the 
total combustion of all the lactic acid which appeared, and that about four- 
fifths must be restored in some way to the muscle. On Hill’s view, a current 
idea that lactic acid was burnt during the recovery was not consistent with 
the smallness of the heat produced. Unfortunately all the facts then known 
about oxygen uptake could not be marshalled to fit this view that some- 
thing like the recharging of an accumulator went on during recovery, as will 
be seen by referring to the Croonian lecture by Fletcher and Hopkins (1916). 
Meyerhof entered this field with a much improved micro method of estimat- 
ing lactic acid; this made rapid estimation possible as compared with the 
older methods which took about a week; also the microscale made it possible 
to use one frog limb as a control for phenomena studied in the other. (The 
older work required groups of ten pairs of frog limbs to get an accurate result.) 
With this microtechnique Meyerhof (1920) demonstrated experimentally 
the restitution as carbohydrate of over two-thirds of the lactic acid formed in 
activity; the energy for this was clearly supplied by the degradation of the 
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remainder. Hence Hill’s conclusion received a direct confirmation. So 
important was this result that Hopkins asked Miss D. L. Foster and Miss 
D. M. Moyle (now Mrs Needham). to repeat the work with the older 
technique of estimation in which the lactate was isolated as the Zn salt; they 
confirmed Meyerhof’s results in detail. Thus was established the evidence upon 
which the original conception of the lactic acid cycle was based and the 
principles for the work upon what became known’ as the Pasteur 
Meyerhof reaction. This fully justified the award of the Nobel Prize to Hill 
and Meyerhof conjointly. 

Then followed much work that was necessary, but of a less exciting 
character. Much of it consisted of a more detailed repetition of earlier 
observations in Cambridge upon the relation between lactic acid formation 
and heat production, the so-called caloric quotient and of successive revisions 
of thermal balance sheets: in the main this was confirmatory. In addition 
there was work upon the caloric values for the combustion of lactic acid and 
of glycogen, important constants for the drawing up of balance sheets for the 
relation between lactic acid and the heat known to be produced in different 
phases of muscular activity from the increasingly accurate measurements of 
A. V. Hill and his colleagues. In 1925, there is a paper on the time course of 
contraction and lactic acid appearance in muscle, in which K. Lohmann 
appears for the first time as co-author; as a colleague of Meyerhof, Lohmann 
exerted much influence on the developments in this field. All this work arose 
from the desire to place upon a firm basis the ‘lactic acid’ theory of con- 
traction, according to which muscular contraction was due to the effect of the 
liberation of lactic acid upon the colloidal apparatus; relaxation following 
upon its diffusion or removal from the site of action. 

It must be realized that though this theory is now discarded, it did form the 
stimulus for the collection of many facts of importance in muscle; theories 
often pass but facts remain. The very concentration upon proof of the theory 
may prevent the investigator from paying due attention to facts which for the 
moment do not appear to fit, but which he feels can ultimately be explained. 
From 1925 onwards uncomfortable facts were appearing. Embden had done 
much work on the chemical nature of ‘lactacidogen’. Now at Frankfurt 
Embden and his colleagues drew attention to the fact that when muscles 
were stimulated and immediately plunged into liquid air, part of the lactic 
acid production took place after the initiation of the contraction. It was 
contended with some vigour and cause that in the Embden experiments 
stimulation of the muscles was so drastic as to be unphysiological. Neverthe- 
less Embden was right in principle, and the lactic acid theory as a description 
of the causal event in muscular action was nearing the end of its day. The 
finding that there was an unstable phospho compound in muscle, phospho- 
creatine by Fiske and SubbaRow and by Eggleton and Eggleton in 1927, 
shook confidence in the simple picture that only carbohydrate, lactacidogen 
_and lactic acid were involved. Finally, when Einaar Lundsgaard of Copen- 
hagen realized that contractions of muscle poisoned with iodoacetate took 


182 Obituary Notices 


place without formation of lactic acid, the lactic acid theory became un- 
tenable.* 

In the meanwhile other work destined again to be of the greatest signifi- 
cance was in progress. In 1926, two papers appeared, ‘Uber die enzymatische 
Milchsaurebildung in Muskelextrakt’, followed by two more in 1927; these 
became the experimental foundation for the development of the Embden- 
Meyerhof theory of glycolysis. Up to that time experimental work had 
appeared to show that the architecture of the muscle was somehow necessary 
for the glycolytic change, and that where activity had appeared in extracts it 
was due to bacterial action. In these papers it was shown how a simple cold 
KCI extract filtered through muslin contained all the enzymes necessary 
for a glycolysis from glycogen, and hexosephosphates, and that the extract 
would also work with glucose if a special activator known as hexokinase was 
also present. The point was that these changes occurred within | to 2 hours of 
making the extract, that is at a time when bacterial growth could not be 
influencing the results. Though the extracts were not free from solid matter, 
they were cell free. With this technique, there became possible the develop- 
ments in Meyerhof’s school such as the delineation of the role of adenosine- 
triphosphate by K. Lohmann, and the researches elsewhere notonly ofEmbden 
but also of Parnas and colleagues in Lwow, of D. Needham and colleagues in 
Cambridge together with the fascinating extensions made by the Coris. All 
made contributions to the glycolysis scheme, and Parnas contributed some 
of the main equations. In Heidelberg there came by and with R. W. Gerard 
the extensions to nerve of the observation upon oxygen uptake in muscle. 

After the finding of ‘alactic acid’ contraction, Lundsgaard, with char- 
acteristic generosity, went to work out his discovery in Meyerhof’s laboratory; 
and what an interesting place it must then have been! In 1928 to 1930 there 
appear in the publications the added names of Meyer, Lipmann, Blaschko, 
Nachmansohn, Dean Burk, P. Rothschild, Schulz, Schmitt, Iwasaki, Ochoa, 
McCullagh, Boyland, Grollman and a little later Laser, H. Lehmann, Mohle, 
Gemmill, von Muralt, Jacobsen, Redenz, Brookens and Lwoff. H. H. Weber 
also owed much inspiration to Meyerhof. There are to be noted over this 
period researches upon crustacean phosphagen, viz. argininephosphoric acid 
(discovered by Meyerhof); upon the coferments involved; upon the isolation 
and synthesis of phosphopyruvic acid (in which Kiessling took part) and of 
other phospho esters related to thesestages of glycolysis. In a way it is arough 
truth to say that Embden’s intuition produced the skeleton of the scheme, but 
that Meyerhof made it scientific fact. In addition to their contributions to the 
Embden-Meyerhof scheme of glycolysis, it is indeed remarkable and a tribute 

* It has been said that Lundsgaard’s observations were a rediscovery; this is one of those half 
truths which are more false than true. The facts are that Pohl in 1887 had discovered that bromo- 
acetic acid was toxic to frogs and had made a few observations upon the similar effect of iodoacetic 
acid. In the interval some others had observed what they thought was an increase of lactic acid 
in the presence of bromoacetic acid. In 1924-25, A. Schwartz and A. Oschmann observed that the 
‘contracture occurring in the presence of bromoacetic acid took place without increase of lactic acid. 


It was Lundsgaard who first established using iodoacetate that ordinary contraction occurred 
‘without appearance of lactic acid and realized its importance. 
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to the master to note how many of these men have made their mark in later 
years. To this period also belongs the discarding of the idea that methyl 
glyoxal was an intermediate in glycolysis. There were initially also un- 
successful attempts to instal ‘phosphagen’ in the place of lactic acid as the 
contractile substance; it is interesting to note that even at the present day 
the idea that a change in adenosinetriphosphate is the first event 
in contraction cannot be said to have been placed in a secure posi- 
tion. 

As already said, Meyerhof never lost sight of the importance of connecting 
the chemical and physiological events, and this may be instanced by work 
at this time with Hartmann upon muscle volume changes and with von 
Muralt on light absorption. Nevertheless it is fair to say that in fact the 
greater part of the work over this period consisted in the purely biochemical 
task of defining the intermediate stages in the glycolytic breakdown, this 
definition extending to the equilibria involved and also to their thermo- 
dynamics. An inspection of the number of papers of first rate importance 
appearing over these comparatively few years up to 1937 gives some idea of 
the efficiency of the laboratory as well as of the competence of its director. 
Judged by any standards the achievement is remarkable. It is somewhat 
invidious to select; as previously mentioned, of cardinal importance was the 
definition of adenosinetriphosphate by Lohmann, giving added significance 
to the earlier discovery by Embden and Zimmerman, 1927, of muscle 
adenylic acid and to Meyerhof’s own on the existence of pyrophosphate in 
muscle. Each year the significance of this compound seems to become greater 
in biochemistry, serving as it does as a central store of readily available 
phospho groups. The important stages of the phosphoglyceric acids and of 
phosphopyruvic acid were also defined and the function of enolase. The 
work on muscle was also integrated with that on yeast to demonstrate the 
fundamental similarity in all but the late stages of carbohydrate breakdown. 
The economy of nature in its use of biochemical reactions seems to have been 
one of Meyerhof’s conceptions; this certainly applies to fermentation in yeast 
where it may be said that only the final stages are different from those of 
muscle. In this connexion we may note the work by Ohlmeyer upon cozymase 
in muscle, and the elucidation by Lohmann and Schuster of cocarboxylase 
as vitamin B, pyrophosphate, the active form of vitamin B, (aneurin thia- 
mine) ; this was most important because it connected pyruvic acid metabolism 
in yeast with work in Oxford by Peters and his associates, who had shown that 
thiamine is concerned with the metabolism of pyruvic acid in animal tissues. 
In 1937, three new workers appear, P. Ohlmeyer and S. Ochoa and M. 
Dubuisson. All this work, and the delineation of the Embden—Meyerhof 
scheme in its main form as we know it today, were summarized by Meyerhof 
in 1937 in his review on the intermediary changes of enzymatic degradation 
of carbohydrate and again in an article in Nature, 1937, which is the report 
- of a lecture. With the exception of the one piece of work on thiamine pyro- 
phosphate, the Meyerhof school were not concerned with the subsequent 
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oxidation of the intermediate pyruvic acid; all work was concerned with the 
phospho changes progressing before this was reached. 

To the period in question also belongs the discovery contemporaneously 
and independently by D. M. Needham and Pillai and by Meyerhof of the 
phosphorylation coupled with oxidation; this was the direct precursor of 
Lipmann’s conception of high energy phosphate, and of the modern 
researches by Kalckar, Belitser and Tsibakowa, Ochoa and the Coris upon 
phosphorylation occurring during oxidation, now known as ‘oxidative 
phosphorylation’. Meyerhof was also early in the isotope field by using radio- 
active phosphate as a means of proving the reversibility of the stages of 
glycolysis, a necessary completion of his early work on the synthesis of 
glycogen from lactic acid by surviving muscle tissue. The only stage which 
he could not find to be reversible zu vitro,* that of the synthesis of phos- 
phopyruvic acid from pyruvate and adenosinetriphosphate, was later proved 
by Lardy to require the presence of K ions. 

By now in 1938 Meyerhof’s period as leader of the Heidelberg Institute 
was drawing to a close and he found it necessary to flee to France and then 
to the U.S.A. Though deprived of the help of his pupils (and particularly of 
his assistant Schulz) and of his organized laboratory his researches continued ; 
for instance he had never been happy with the experimental proof of the 
existence of a non-phosphorylating glycolysis; he now showed that by the 
correct choice of experimental conditions phosphorylation did occur during 
glycolysis in embryo extracts; this proof was needed to clear up an awkward 
discrepancy. When finally he got to Philadelphia his output started again and 
steadily increased until the time of his death. Even at the end we find papers 
upon the heat of hydrolysis of acetyl phosphate and of metaphosphate; this 
parallel thought about the biochemistry and thermodynamics was so 
characteristic of him that we find him devoting a long session of his later 
years in New York (New York Academy of Sciences) to attempts to sum- 
marize the thermodynamics of muscle chemistry. Pitfalls always await the 
biologist in this field, and the author knows that M. Dixon had a correspon- 
dence with him over some controversial points, and there do seem to have 
been errors; but it was one of those cases where the errors balanced; this as 
mentioned by Harden even occurred to Lavoisier once when he was calculat- 
ing a balance sheet for fermentation by yeast! During this later period of 
Meyerhof’s life, though nothing emerged as sensational as in his earlier work, 
much of significance was done, and we may yet have to wait for the harvest. 
With Kielley for instance he found a new enzyme breaking down ATP and 
succeeded in tidying up several points in the glycolytic scheme. He also took 
up the problem of transfer of phosphate groups by acid and alkaline phos- 
phatases. 

The researches briefly outlined leave no doubt that Meyerhof was a master 
in the field of physiological chemistry, an important enzymologist, who must 


* The stage hexosemonophosphate + ATP->hexosediphosphate + ADP has not yet been 
shown to be reversible in vitro. 
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be regarded as one of the leading pioneers of his day. It is evident that he 
formed a constant source of inspiration to his colleagues who remember him 
with the greatest affection. The most impressive evidence of this is the 
volume dedicated to him on his 65th birthday by old friends and colleagues. 
It is tragic that the work at Heidelbergshould have been cut short; at the same 
time the fact that his spirit could rise above his environmental difficulties 
should always remain an inspiration to other scientists; and it may well be 
that his presence in the U.S.A. in his closing years has a significance which we 
cannot yet appreciate. 

In addition to acknowledgments in the text, my thanks are due for help 
in the preparation of this to Dr Nachmansohn, Professor von Muralt, 
Professor A. V. Hill, Dr D. Moyle Needham, Professor D. Wright Wilson, 
Dr G. G. Meyerhof, Mrs Therese Frank (sister of Professor O. Meyerhof), 
and to Miss J. Allen for help with the bibliography. 

R. A. PETERS 


BIBLIOGRAPHY 


The author of this notice considers that the important papers published by workers in 
Meyerhof’s laboratory should also find a place in this bibliography even where Meyerhof’s 
name is not shown as a joint author. Thus a clearer picture of the scope of his researches 
can be obtained. 

These entries by other authors are placed in square brackets in the list. 

1910. Beitraege zur psychologischen Theorie der Geistesstoerungen. Abhandlungen der Fries’schen 
Schule, 3, 99-332. Goettingen: Vandenhoeck & Ruprecht. 

1910. Uber Goethe’s Methode der Naturforschung. Abhandlungen der Fries’schen Schule, 
3, 383-437. Goettingen: Vandenhoeck & Ruprecht. 

1910. Erkenntnistheorie und Vernunftkritik. Das Kant-Friessche Problem. Zeitschrift fur 
Philosophie und philosophische Kritik, 136, 22. 

1911. Untersuchungen iiber die Warmetonung der vitalen Oxydationsvorgange in Eiern 
I-III. Biochem. Z. 35, 246. 

1912. Uber Warmeténungen chemischer Prozesse in lebenden Zellen. (Versuche an 
Blutzellen.) Pfliig. Arch. ges. Physiol. 146, 159. 

1912. (With O. Warsurc.) Uber Atmung in abgetéteten Zellen und in Zellfragmenten. 
Pfliig. Arch. ges. Physiol. 148, 295. 

1912. Uber den Energiewechsel von Bakterien. S.B. Heidelberg. Akad. Wiss. 1, Abhdlg. 

1912. Uber Scheinbare Atmung abgetéteter Zellen durch Farbstoffreduktion. Pfliig. Arch. 
ges. Physiol. 149, 250. 

1913. Uber Hemmung von Fermentreaktionen durch indifferente Narkotica. Habilitations- 
schrift. Kiel, 1913. 

1913. ur Energetik der Zelluorgaenge. (Vortrag.) Goettingen: Vandenhoeck & Ruprecht. 

1914. Uber Hemmung von Fermentreaktionen durch indifferente Narkotika. Pfliig. Arch. 
ges. Physiol. 157, 251. 

1914. Uber Hemmung der Wasserstoffsuperoxydzersetzung des kolloidalen Platins durch 
indifferente Narkotika. Pfliig. Arch. ges. Physiol. 157, 307. 

1915. Bemerkung zu der Arbeit von George H. Chapman. Internat. <. phys.-chem. Biol. 
II, 4, 394. 


186 


1916. 


1916. 


LOT 


1917. 
1918. 
1918. 


1918. 


1918. 


1918. 
1918. 
1918. 
LOTS: 
TOTO: 
TOTO: 


1920. 
1920. 


1920. 


1920. 
1920. 
1920. 
1921. 
1922. 
1922. 
1922. 
1922. 
1923. 
1923. 
1923. 


1923. 


Obituary Notices 


Untersuchungen iiber den Atmungvorgang nitrifizierender Bakterien. I. Die 
Atmung des Nitratbildners. Pfliig. Arch. ges. Physiol. 164, 353. 

Untersuchungen iiber den Atmungvorgang nitrifizierender Bakterien. II. Beeinflus- 
sungen der Atmung des Nitratbildners durch chemische Substanzen. Pfliig. Arch. 
ges. Physiol. 165, 229. 


Untersuchungen tiber den Atmungvorgang nitrifizierender Baktieren. III. Die 


Atmung des Nitritbildners und ihre Beeinflussung durch chemische Substanzen. 
Pfliig. Arch. ges. Physiol. 166, 240. 

Untersuchungen zur Atmung getéteter Zellen. I. Pfliig. Arch. ges. Physiol. 169, 87. 

Notiz iiber Eiweissfallungen durch Narkotica. Biochem. Z. 86; 325. 

Untersuchungen zur Atmung getdteter Zellen. II. Der Oxydationsvorgang in 

getoteter Hefe und Hefeextrakt. Pfliig. Arch. ges. Physiol. 170, 367. 

Uber das Vorkommen des Cofermentes der alkoholischen Hefegarung im Muskel- 

gewebe und seine mutmaszliche Bedeutung im Atmungsmechanismus. <. physiol.- 

Chem. 101, 165. 

Untersuchungen zur Atmung getdteter Zellen. III. Die Atmungserregung in 

gewaschener Acetonhefe und dem UltraFiltrationsriickstand yon Hefemazera- 

tionssaft. Pfltig. Arch. ges. Physiol. 170, 428. 

Uber das Garungscoferment im Tierkérper. II. Z. physiol.-Chem. 102, 1. 

Zur Kinetik der zellfreien Garung. <. physiol.-Chem. 102, 185. 

Neuere Untersuchungen tuber die Beziehungen zwischen Atmung und Gdrung. 

Med. Klinik, 14, 436. 

Uber den Zusammenhang von Atmung und Garung. Naturwissenschaften, 7, 253. 

Uber die Atmung der Froschmuskulatur. Pfliig. Arch. ges. Physiol. 175, 20. 

Zur Verbrennung der Milchsdure in der Erholungsperiode des Muskels. Pfliig. 
Arch. ges. Physiol. 175, 88. 

Uber die Energieumwandlungen im arbeitenden Muskel. Med. Klinik, Nr. 17. 

Uber die Rolle der Milchséure in der Energetik des Muskels. Naturwissenschaften,, 
8, 696. 

Die Energieumwandlungen in Muskel. Uber die Bezichungen der Milchsaure zur 
Warmebildung und Arbeitsleistung des Muskels in der Anaerobiose. Pfliig. Arch. 
ges. Physiol. 182, 232. 

Das Schicksal der Milchsaure in der Erholungsperiode des Muskels. Pfliig. Arch. ges. 
Physiol. 182, 284. 

Kohlenhydrat und Milchsaureumsatz im Froschmuskel. Pfliig. Arch. ges. Physiol. 
185, 11. 

Uber das Schicksal der Milchsaure in der Erholungsperiode des Muskels und die 
Energetik des Kontraktionsvorganges. Sonderabdruck aus Ber. ges. Physiol. 11, 2. 
Uber die Milchsaurebildung in der zerschnittenen Muskulatur. Pfliig. Arch. ges. 

Physiol. 188, 114. 

Die Energicumwandlungen im Muskel. V. Milchsaurebildung und mechanische 
Arbeit. Pfliig. Arch. ges. Physiol. 191, 128. 

Die Energieumwandlungen im Muskel. VI. Uber den Ursprung der Kontrak- 
tionswarme. Pfliig. Arch. ges. Physiol. 195, 22. 

Die Verbrennungswarme der Milchsaure. Biochem. Z. 129, 594. 

Uber die Energetik des Miiskels. Klin. Wschr. 1, 230. 

The physico-chemical mechanism of cell respiration. Lancet, 1, 322. 

Uber ein neues autoxydables System der Zelle (Die Rolle der Sulfhydrilgruppe als 
Sauerstoffibertrager). Pfliig. Arch. ges. Physiol. 199, 531. 

Uber Blausaurehemmung in autoxydablen Sulfhydrilsystemen. Pfliig. Arch. ges. 
Physiol. 200, 1. 

ree ee Beitrage zu den Oxydationsvorgangen am Kohlemodell. Biochem. 

. 135, 558. 





1923. 
1923: 
1924. 
1924. 
1924. 
1924. 
RODE: 


1924. 
1924. 


1924. 


1924. 


1924. 
E924: 
1924. 
1974: 
OPS: 
1925. 
1925: 
1925. 


1925. 
£925. 


1925. 
1929. 


1925. 
1O233 


1925. 
1925; 


1925. 
1925. 


“1926. 


Otto Meyerhof 187 


[(By K. Matsuoka.) die Uber anaerobe Ermiidung des Muskels. Pfliig. Arch. ges. 
Physiol. 202, 573.] 

Die chemischen und energetischen Verhdltnisse bei der Muskelarbeit. Ergebn. 
Physiol. 22, 328. 

Remarks on Hirsch-Kauffmann’s paper ‘Lactic acid determination in animal organs’. 
Hoppe-Seyl. Z. 141, 316. 

(With K. Marsuoxa.) Uber den Mechanismus der Fruktoseoxydation in Phos- 
phatloésungen. Biochem. Z. 150, 1. 

(With R. Meter.) Die Verbrennungswarme des Glykogens. Biochem. Z. 150, 233. 

Uber die Milchsaurebildung bei Muskelkontrakturen. Klin. Wschr. 3, 392. 

Die Energieumwandlungen im Muskel.. (Nobelsvorlesung, Stockholm.) Natur- 
wissenschaften, 12, 181. 

Probleme der Muskelphysiologie. Maturwissenschaften, 12, 1137. 

Die Energieumwandlungen im Muskel. VII. Weitere Untersuchungen tiber den 
Ursprung der Kontraktionswarme. Pfliig. Arch. ges. Physiol. 204, 295. 

(With R. Mermr.) Uber den Milchsaure-Stoffwechsel im lebenden Tier. Pfliig. 
Arch. ges. Physiol. 204, 448. 

(With H. E. Himwicu.) Beitrage zum Kohlehydratstoffwechsel des Warmbliiter- 
muskels, insbesondere nach einseitiger Fetternahrung. Pfliig. Arch. ges. Physiol. 
205, 415. 

Atmung und Anaerobiose des Muskels. Thermodynamik des Muskels. Theorie der 
Muskelarbeit. Handb. d. norm. u. path. Physiol. 8, I, 1. Teil. 476. 

Nochmals zur Milchsdurebildung bei der chemischen Contractur des Muskels. 
Klin. Wschr. Nr. 32, 1445. 

[(By K. Marsuoxa.) Uber die anaerobe Eyraiidune des Muskels. Pfliig. Arch. ges. 
Physiol. 202, 573.] 

[(By K. Marsuoxa.) Uber-die Milchsaurebildung bei der chemischen Kontraktur 
des Muskels. Pfliig. Arch. ges. Physiol. 204, 51.] 

Neue Fortschritte der zellphysiologischen Forschung. Karlsbader aerztliche Vortraege, 
6, 247-62. 

Mikrokalorimetrie (Warmebildung von Zellen, niederen Organismen und kleinen 
Organen). Handb. biol. Arb Meth. 10, 755. 

(With P. Finxre.) Uber die Beziehungen des Sauerstoffs zur bakteriellen Milch- 
sduregarung. Chem. £.12, 157. 

(With K. Lonmann & R. Meter.) Uber die Synthese des Kohlehydrats im Muskel. 
Biochem. Z. 157, 459. 

Uber die Energiequelle bei der Muskelarbeit. Biochem. Z. 158, 218. 

[(By H. Brascuxo.) Uber die Verbrennungswarme der Brenztraubensdure und 
ihre physiologische Bedeutung. Biochem. X. 158, 428.] 

Beobachtungen tiber die Methylglyoxalase. Biochem. Z. 159, 432. 

[(By R. O. Lorset.) Beitrage zur Atmung und Glykolyse tierischer Gewebe. Biochem. 
&. 161, 219.] 

Uber den Einfluss des Sauerstoffs auf die alkoholische Garung der Hefe. Biochem. Z. 
162, 43. 

Uber den Zusammenhang der Spaltungsvorgange mit der Atmung in der Zelle. 
Ber. dtsch. chem. Ges. 58, 991. 

Uber die Synthese des Kohlehydrats im Muskel. Klin. Wschr. 4, 341. 


«Chemical dynamics of life phenomena. Monographs Exper. Biol., Philadelphia & London: 


Lippincott Co. 

(With K. Lonmann.) Uber den zeitlichen Zusammenhang von Kontraktion und 
Milchsaurebildung im Muskel. Pfliig. Arch. ges. Physiol. 210, 790. 

Uber den Einfluss des Sauerstoffs auf die alkoholische Garung der Hefe. Natur- 
wissenschaften, 13, 980. 

Thermodynamik des Lebensprozesses. Handb. Phys. 11, 238. 


188 


1926. 
1926. 
1926. 


1926. 


1926. 


1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
1926. 
10278 
1927. 
1927. 
1927, 
1927. 
WA 
LOZ Te 


1927. 


Obituary Notices 


(With K. Loumann.) Uber den Unterschied von links—und rechts—Milchsaure im 
Organismus. Naturwissenschaften, 14, 437. 

(With K. Loumann.) Uber die Vorgange bei der Muskelermidung. Biochem. . 
168, 128. 

(With K. Loumann.) Uber Atmung und Kohlehydratumsatz tierischer Gewebe. I. 
Biochem. Z. 171, 381. 

[(By R. Taxane.) Uber Atmung und Kohlehydratsumatz tierischer Gewebe. II. 
Atmung und Kohlehydratsumsatz in Leber und Muskel des Warmbliiters. Biochem. 
&. 171, 403.] 

(With K. Loumann.) Uber Atmung und Kohlehydratumsatz tierischer Gewebe. III. 
Uber den Unterschied von d- and 1-Milchsaure fir Atmung und Kohlehydrat- 
synthese im Organismus. Biochem. Z. 171, 421. 

I. Uber die enzymatische Milchsaurebildung im Muskelextrakt. Biochem. Z. 178, 395. 

Uber die enzymatische Milchsaurebildung im Muskelextrakt. II. Die spaltung der 
Polysaccharide und der Hexosediphosphosaure. Biochem. X. 178, 462. 

[(By H. Biascuxo.) Uber den Mechanismus der Blausaurehemmung von Atmungs- 
modellen. Biochem. Z. 175, 68.] 

[(By J. Surany1.) Uber den Zusammenhang von Spannung und Milchsaurebildung 
bei der tetanischen Kontraktion des Muskels. Pfliig. Arch. ges. Physiol. 214, 228.] 

[(By K. Lonmann & L. JENpRAssIK.) Kolorimetrische Phosphorsaurebestimmungen 
im Muskelextrakt. Biochem. <. 178, 419.] 

Uber die Dissoziationskonstanten der Hexosediphosphorsaéure und Glycerinphos- 
phorsaure. Naturwissenschaften, 14, 757. 

(With J. Suranyt.) Uber die Dissoziationskonstante der Hexosediphosphorsaure und 
Glycerin phosphorsaure. Biochem. Z. 178, 427. 

[(By K. Loxnmann.) Uber die Hydrolyse des Glykogens durch das diastatische 
Ferment des Muskels. Biochem. <. 178, 444.] 

Uber die Abtrennung des milchsaurebildenden Ferments von Muskel und einige 
seiner Eigenschaften. Naturwissenschaften, 14, 196. 

Uber die enzymatische Spaltung des Traubenzuckers und anderer Hexosen im 
Muskelextrakt. I. Naturwissenschaften, 14, 756. 

(With J. Suranyt.) Uber die Dissoziationskonstanten der Hexosediphosphorsaure 
und Glycerinphosphorsaure. Naturwissenschaften, 14, 757. 

Uber die Isolierung des glykolytischen Ferments aus dem Muskel und den Mechan- 
ismus der Milchsaurebildung in Lésung. Naturwissenschaften, 14, 1175. 
(With K. Loumann.) Uber die Charakterisierung der Hexosemonophosphorsauren 

und ihr Verhalten bei der zellfreien Garung. Naturwissenschaften, 14, 1277. 

Uber die enzymatische Milchsaurebildung in Muskelextrakt. III. Die Milchsaure- 
bildung aus den garfahigen Hexosen. Biochem. Z. 183, 176. 

[(By K. Meyer.) Uber einige chemische Eigenschaften des milchsdurebildenen 
Ferments im Muskel. Biochem. Z. 183, 216.] 

(With K. Loumann.) Uber die enzymatische Milchsaurebildung im Muskelextrakt. 
IV. Die Spaltung der Hexosemonophosphorsauren. Biochem. Z. 185, 113. 

(With J. Suranyr.) Uber die Warmeténungen der chemische Reaktionsphasen im 
Muskel. Biochem. <. 191, 106. 

(With R. W. Gerarp.) Untersuchungen iiber den Stoffwechsel des Nerven. III. 
Chemismus und Intermediarenprozesse. Biochem. Z. 191, 125. 

(With R. W. Gerarp.) Uber die mit der Nervenerregung verkniipften chemischen 
Vorgange. Naturwissenschaften, 15, 538. 

(With K. Loumann.) Uber den Ursprung der Kontraktionswarme. Naturwissen- 
schafien, 15, 670, 768. 

Recent investigations on the aerobic and. anaerobic metabolism of carbohydrates. 
J. gen. Physiol. 8, 531. 
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(With K. Meyer.) The purification of the lactic-acid-forming enzyme of muscle. 
Proc. Physiol. Soc.; F. Physiol. 64, xvi. 

(With W. Scxuunz.) Uber das Verhaltnis von Milchsaurebildung und Sduerstoff- 

__verbrauch bei der Muskelkontraktion. Pfliig. Arch. ges. Physiol. 217, 547. 

Uber dei Energetik der Muskelkontraktion. Klin. Wschr. 6, 26. 

(With L. Genevois.) Uber Atmung und Garung in griinen Pflanzen. Biochem. Z. 
186, 461. 

[(By R. W. Gerarp.) Studies on nerve metabolism. II. Respiration in oxygen and 
nitrogen. Amer. 7. Physiol. 82, 381.] 

[(By L. Genevors.) Uber Atmung und Garung in griinen Pflanzen. II. Biochem. Z. 
191, 147.] 

[(By F. Lipmann.) Kann Milchsaure anaerob aus der Muskulatur verschwinden? 
Biochem. K. 191, 442.] 

[(By K. Meyer.) Uber die Reinigung des milchsaurebildenden Ferments. Biochem. Z. 
193, 139.] 

[(By K. Loumann.) Uber das Vorkommen und den Umsatz von Pyrophosphat im 
Muskel. Naturwissenschaften, 16, 298.] 

[(By K. Loumann.) Uber die Isolierung verschiedener natiirlicher Phosphorsaure- 
verbindungen und die Frage ihrer Einheitlichkeit. Biochem. Z. 194, 306.] 

[(By F. Liemann.) Versuche zum Mechanismus der Fluoridwirkung. Biochem. Z. 
196, 3.] 

[(By K. Loumann.) Uber das Vorkommen und den Umsatz von Pyrophosphat in 
Zellen. I. Nachweis und Isolierung des Pyrophosphats. Biochem. @. 202, 466.] 

[(By K. Lonmann.) Uber das Vorkommen und den Umsatz von Pyrophosphat in 
Zellen. Il. Die Menge der leicht hydrolysierbaren P-Verbindung in tierischen und 
pflanzlichen Zellen. Biochem. <. 203, 164.] 

[(By K. Lonmann.) Uber das Vorkommen und den Umsatz von Pyrophosphat in 
Zellen. III. Das physiologische Verhalten des Pyrophosphats. Biochem. Z. 203, 172.] 

[(By K. Iwasaxr.) Uber den Mechanismus der Vergarung des Dioxyacetons. 
Biochem. K. 203, 237.] 

Uber die Verbreitung der Argininphosphorsaure in der Muskulatur des Wirbellosen. 
Arch. sci. Biol., Napoli, 12, 536. 

Comments on the paper of the same title by G. Embden & E. Lehnartz, and reply 
to Embden & Lehnartz. Uber die zeitliche Verlauf der Milchsaurebildung bei 
der Muskelkontraktion. Z. physiol.-Chem. 178, 306. 

(With K. Lonmann.) Uber die natiirlichen Guanidinophosphorsauren (Phosphagene) 
in der quergestreiften Muskulatur. I. Das physiologische Verhalten der Phos- 
phagene. Biochem. Z. 196, 22. 

(With K. Lonmann.) Uber die natiirlichen Guanidinophosphorsauren (Phosphagene) 
in der quergestreiften Muskulatur. II. Die physikalisch-chemischen Eigenschaften 
der Guanidinophosphorsduren. Biochem. Z. 196, 49. 

[(By D. NAcHMANSOHN. ) Uber den Zerfall der Kreatinphosphorsaure in Zusammen- 
hang mit der Tatigkeit des Muskels. I. Biochem. <. 196, 73.] 

(With K. Loumann.) Notiz iiber die Extraktion von eisenhaltigem Pyrophosphat 
aus der Muskulatur. Biochem. %. 203, 208. 

(With K. LoHMANn.) Uber eine neue Aminophosphorsaure. Naturwissenschaften, 
16, 47. 

Zum Gedichtnis des Philosophen Leonard Nelson. Naturwissenschaften, 16, 137-42. 

(With D. Nacumansoun.) Neue Beobachtungen tiber den Umsatz des ‘Phosphagens’ 
im Muskel. Naturwissenschaften, 16, 726. 

(With D. Burx.) Uber die Fixation des Luftstickstoffs durch Azotobakter. . physiol.- 
Chem. 139,. 117. 

Uber die Verbreitung der Argininphosphorsaure in der Muskulatur der Wirbellosen. 
Arch. sci. Biol., Napoli, 12, 536. 
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1930. 


1930. 


1930. 


1930. 


1930. 


1930. 


1930. 


Obituary Notices 


Uber den zeitlichen Verlauf der Milchsaurebildung bei der Muskelkontraktion. 
Hoppe-Seyl. K. 178, 306. 

Sur la fermentation de la dioxyacetone. Communication présentée au Congr. Inter- 
nation. de la Vigne et du Pin Maritime. Bordeaux. 

[(By K. Loumann.) Chemische Bestimmung der Glykolyse und der Resynthese der 
Kohlenhydrate. Oppenheimer, C.-Pincussen, L. Die Fermente u. thre Wirkungen, 
3, Die Methodik der Fermente, 5.1236.] 

[(By H. Brascuxo.) Mikrocalorimetrie. Oppenheimer, C.-Pincussen, L. Die Fermente 
und ihre Wirkungen, 3, Die Methodik der Fermente, S.688.] 

(With W. Scuurz.) Uber die Atmung des marklosen Nerven. Biochem. £. 206, 158. 

(With F. O. Scumrrr.) Uber den respiratorischen Quotienten des Nerven bei Ruhe 
und Tatigkeit. Biochem. <. 208, 445. 

[(By D. Nacumansoun.) Uber den Zerfall der Kreatinphosphorsdure im Zusammen- 
hang mit der Tatigkeit des Muskels. II. Biochem. Z. 208, 237.] 

Uber den Tatigkeitsstoffwechsel des Nerven. Klin. Wschr. 8, 6. 

Uber die Bedeutung der Guanidinophosphorsauren (‘Phosphagene’) fur die Muskel- 
funktion. Naturwissenschaften, 17, 283. 

[(By K. Lonmann.) Uber die Pyrophosphatfraktion im Muskel. Naturwissenschaften, 
17, 624.] 

[(By F. Lipmann.) Weitere Versuche tiber den Mechanismus der Fluoridhemmung 
und die Dissoziationskurve des Fluor-Methaemoglobins. Biochem. Z. 206, 171.] 
[(By P. Roruscump.) Uber specifische Hemmungen der Lipase, insbesondere durch 

Fluorid. Biochem. <. 206, 186.] 

[(By D. Nacumansoun.) Uber den Zusammenhang des Kreatinphosphorsaurezer- 
falls mit Muskelchronaxie und Kontraktionsgeschwindigkeit. Med. Klin. 25, 1627.] 

[(By P. Rorsscuitp.) Diffusionsversuche an den phosphorsaurehaltigen Verbin- 
dungen des Muskels. Biochem. <. 213, 251.] 

[(By D. Nacumansonn.) Uber den Zerfall der Kreatinphosphorsaure im Zusammen- 
hang mit der Tatigkeit des Muskels. III]. Umsatzgrésse und Erregungsgesch- 
windigkeit. Biochem. £. 213, 262.] 

[(By F. O. Scumitr.) Gaswechsel des Nerven wahrend und nach der Anaerobiose. 
Biochem. Z. 213, 443.] 

[(By P. RoruscuiLp.) Notiz iber Atmung von Kaltbliitermuskulatur in Gegenwart 
von Zucker und Hormonen. Biochem. Z. 217, 365.] 

[(By K. Loumann.) Die Zuckerphosphorsaureester und ihre Bedeutung fiir den 
Stoffwechsel der Hefe und des Muskels. Oppenheimers Handb. Erganzungsband X 
(1930).] 

[(By K. Loumann.) Uber die fermentative Kohlehydrat-Phosphorsaureveresterung 
in Gegenwart von Fluorid, Oxalat und Citrat. Klin. Wschr. 8, 2009.] 

[(By D. Nacumansonn.) VI. Die Guandinophosphorsduren (‘Phosphagene’) des 
Muskels. Handb. Biochem. Berlin, p. 162.] 

(With D. Nacumansoun.) Uber die Synthese der Kreatinphosphorsaure im lebenden 
Muskel. Biochem. Z. 222, 1. 

Die chemischen Vorgange im Muskel und ihr Zusammenhang mit Arbeitsleistung 
und Warmebildung. Band. 22, Monographie aus dem Physiologie der Pflanzen und 

_ der Tier. Berlin: Hirschwaldsche Buchhandlung. 

pe ae des osmotischen Drucks der Muskels bei Ermiidung und Starre. Biochem. Z. 

26, 1. 

(With R. Iwasaxr.) Uber Beeinflussung der Garungsgrésse und des Oxydations- 
quotienten der Hefe. Biochem. Z. 226, 16. 

pe F, Lipmann.) Uber die Reaktionsanderung des tatigen Muskels. Biochem. Z. 
227,84. 

ss Me Scruiz.) Uber Reiz- und Erregungsstoffwechsel des Nerven. Biochem. Z. 
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The chemistry of muscular contraction. Lancet, 2, 1415. 

(With F. Liemann.) Uber die Reaktionsanderung des tatigen Muskels im Zusammen- 
hang mit dem Umsatz der Kreatinphosphorsaure (‘Phosphagen’). Naturwissen- 
schaften, 18, 330. 

[(By P. Roruscuip.) Gilt das Alles-oder-nichts-Gesetz fiir den Tatigkeitsstoffwechsel 
von Einzelzuckungen des Muskels? Biochem. Z. 222, 21.] 

[(By K. Loumann.) Uber die Bildung und Aufspaltung von Phosphorsdureestern 
in der Muskulatur, in Gegenwart von Fluorid, Oxalat, Citrat und Arseniat. I. 
Biochem. X. 222, 324.] 

[(By F. Lipmann & K. Loumann.) Uber die Umwandlung der Harden-Young’schen 
Hexosediphosphorsaure und die Bildung von Kohlenhydratphosphorsaureestern 
im Froschmuskelextrakt. Biochem. Z. 222, 389.] 

[(By K. Iwasaxt.) Weitere Untersuchungen zur Fixation des Luftstickstoffs durch 
Azotobakter. Biochem. Z. 226, 32.] 

[(With K. Loumann.) Zerfallt Lactacidogen (Hexosemonophosphorsaure) bei der 
Muskelkontraktion? Biochem. Z. 227, 39.] 

[(By E. Lunpscaarp.) Weitere Untersuchungen iiber Muskelkontraktionen ohne 
Milchsaurebildung. Biochem. Z. 227, 51.] 

[(By F. Lremann.) Uber den Tatigkeitsstoffwechsel des fluoridvergifteten Muskels. 
Biochem. Z. 227, 110.] 

[(By S. Ocxoa.) Uber den Tatigkeitsstoffwechsel kohlenhydratarmer Kaltbliiter- 
muskeln. Biochem. Z. 227, 116.] 

(With E. Lunpscaarp & H. Brascuxo.) Uber die Energetik der Muskelkontraktion 
bei aufgehobener Milchsaurebildung. Naturwissenschaften, 18, 787. 

(With R. McCutiacu & W. Scuutz.) Neue Versuche iiber den kalorischen Quotien- 
ten der Milchsaure im Muskel. Pfliig. Arch. ges. Physiol. 224, 230. 

(With F. Lipmann.) Change of hydrogen ion concentration during activity of muscle. 
Proc. Physiol. Soc. 7. Physiol. 69, xxi. 

Die Ausnutzung der chemischen Energie fiir die Arbeit des Muskels. Forsch. Fortschr. 
dtsch. Wiss. 6, 239. 

(With W. Scxuurz.) Uber das Verhaltnis von Milchsaurebildung und Kreatinphos- 
phorsaurespaltung bei der anaeroben Tatigkeit des Muskels. Biochem. Z. 236, 54. 

(With E. Lunpscaarp & H. Biascuxo.) Uber die Energetik der Muskelkontraktion 
bei aufgehobener Milchsdurebildung. Biochem. Z. 236, 326. 

(With E. BoyLanp.) Uber den Atmungsvorgang jodessigsaurevergifteter Muskeln. 
Biochem. K. 237, 406. 

Uber den Kohlenhydratverbrauch bei der aeroben Tatigkeit des Kaltbliitermuskels. 
Biochem. X. 237, 427. 

(With K. Lonmann & K. Meyer.) Uber das Koferment der Milchsaurebildung im 
Muskel. Biochem. &. 237, 437. 

(With A. Grotiman.) Weitere Versuche tiber den Zusammenhang zwischen chemi- 
schen Umsatz und osmotischer Druckzunahme im Muskel. Biochem. Z. 241, 23. 
[(By H. Laser.) Uber den Stoffwechsel pankreasdiabetischer Gewebe und seine 

Beeinflussung durch Insulin. Biochem. X. 241, 36.] 
Uber das osmotische Gleichgeweicht zwischen Dotter und Eiklar im Hiuhnerei. 


Biochem. K. 242, 243. 


«(With K. Loxmann.) Uber die Energetik der anaeroben Phosphagensynthese 


(‘Kreatinphosphorsaure’) im Muskelextrakt. Naturwissenschaften, 19, 575. 
Neuere Versuch zur Energetik der Muskelkontraktion. Naturwissenschaften, 19, 923. 
Der zeitliche Verlauf der Milchsaurebildung des Muskels. Klin. Wschr. 10, 214. 
[(By K. Loxmann.) Uber das Koferment der Milchséurebildung des Muskels. 

Naturwissenschaften, 19, 180.] 

Darstellung der Adenylpyrophosphorsdure aus Muskulatur. Biochem. Z. 233, 460. 
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Obituary Notices 


[(By K. Loumann.) Untersuchungen tiber die Vergiftung von F roschmuskelextrakt 
mit Monojodacetat. Biochem. K. 236, 444.] 

[(By E. Boyitanp.) Uber den Oxydationsquotienten der Milchsaure im Muskel- 
gewebe des Warmbliiters. Biochem. £. 237, 418.] 

[(By K. Loumann.) Untersuchungen iiber die chemische Natur des Koferments 
der Milchsaurebildung. Biochem. Z. 237, 445.] 

[(By A. Grotiman.) Uber das osmotische Gleichgewicht zwischen Dotter und Eiklar 
im Hihnerei. Biochem. Z. 238, 408.] 

[(By K. Loumann.) Der Einfluss des Coferments der Milchsaurebildung auf die 
Aufspaltung von Kohlenhydrat-Phosphorsaureestern im Muskelextrakt. Biochem. XZ. 
241, 50.] 

[(By K. Loumann.) Vergleichende Untersuchungen iiber das Coferment der Milch- 
saurebildung und der alkoholischen Garung. Biochem. Z. 241, 67.] 

Uber die Abtrennung des Milchsaurebildenden Ferments aus Erythrocyten. Biochem. 
K. 246, 249. 

(With W. Monte & W. Scuurz.) Uber die Reaktionsanderung des Muskels im 
Zusammenhang mit Spannungs-Entwicklung und chemischen Umsatz. Biochem. <. 
246, 285. 

(With W. Scuurz.) Uber die Abhangigkeit der Atmung der Azotobakter vom Sauer- 
stoffdruck. Biochem. £. 250, 35. 

(With K. Lonmann.) Uber energetische Wechselbeziehungen zwischen dem Umsatz 
der Phosphorsdureester im Muskelextrakt. Biochem. Z. 253, 431. 

(With K. Loumann.) Uber das Co-Fermentsystem der Milchsaurebildung. Natur- 
wissenschaften, 20, 387. 

Uber die Volumenschwankung bei der Muskelkontraktion. Naturwissenschaften, 
20, 977. 

[(By C. L. Gemmity.) Uber den TAtigkeits-Stoffwechsel in kohlenhydratarmen 
Kaltbliitermuskeln. Biochem. Z. 246, 319.] 

[(By H. Laser.) Manometrische Atmungsmessungen an der intakten Warmbliiter- 
lunge. Biochem. K. 248, 9.] 

[(By A. von Murat.) Uber das Verhalten der Doppelbrechung des quergestreiften 
Muskels wahrend der Kontraktion. Pfliig. Arch. ges. Physiol. 230, 299.] 

[(By H. Laser.) Eine Methode zur manometrischen Messung des Stoffwechsels von 
Gewebekulturen wahrend des Wachstums. Biochem. Z. 251, 2.] 

[(By K. Loumann.) Beitrag zur enzymatischen Umwandlung von synthetischem 
Methylglyoxal in Milchsaure. Biochem. Z. 254, 332.] 

[(By K. Loumann.) Untersuchungen zur Konstitution der Adenylpyrophosphorsaure. 
Biochem. &. 254, 381.] 

[(By E. Jacozsen.) Untersuchungen iiber den Umsatz des Adenylpyrophosphats in 
vitro. Biochem. Z. 257, 221.] 

[(By E. Repenz.) Uber den Spaltungsstoffwechsel der Saugetierspermatozoen im 
Zusammenhang mit der Beweglichkeit. Biochem. Z. 257, 234.] 


[(By A. L. von Muratr.) Kontraktionshypothesen und Feinstruktur des Muskels. 
Kolloidzschr. 63, 228.] 


[(By N. Brooxens.) Eine neue Bestimmung der Verbrennungswarme des Glykogens. 
Biochem. K. 260, 446.] 


[(By H. Laser.) Uber das Verhalten von Gewebekulturen in der Anaerobiose. 
Klin. Wschr. 12, 754.] 


[(By A. Lworr.) La fonction du sang dans les cultures des Trypanosomides. C.R. Soc. 
Biol. Paris, 113, 231.] 

[(By K. Lonmann.) Uber Phosphorylierung und Dephosphorylierung. Bildung der 
natiirlichen Hexosemonophosphorsaéure aus ihren Komponenten, Biochem. & 
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1933. [(By K. Lonmann.) Uber Monojodessigsaurevergiftung des Milchsaure bildenden 
Ferments und der Methylglyoxalase. Biochem. Z. 262, 152.] 

1933. [(By K. Loumann.) Notiz tiber das Verhalten der Phosphatase in Gegenwart von 
Glutathion und Monojodessigsaure. Biochem. Z. 262, 157.] 

19SSe so Ceres Flachengrésse und Wachstum von Gewebekulturen. 2. Krebsforsch. 

1933. [(By H. Laser.) Der Stoffwechsel von Gewebekulturen und ihr Verhalten in der 
Anaerobiose. Biochem. 2. 264, 72.] 

1933. [(By E. V. Baryer.) Lichtdurchlassigkeit u. Tatigkeitsstoffwechsel des Muskels. 
Klin. Wschr. 12, 1278.] 

1933. (With C. L. Gemmmy & G. Benerato.) Uber den isometrischen Koeffizienten des 
Sauerstoffs und jodessigsaurevergiftiter Muskeln. Biochem. Z. 258, 371. 

1933. (With D. McEacuern.) Uber anaerobe Bildung und Schwund von Brenztrauben- 
saure in der Muskulatur. Biochem. Z. 260, 417. 

1933. (With H. Méute.) Uber die Volumenschwankung des Muskels im Zusammenhang 
mit dem Chemismus der Kontraktion. I. Mitteilung, Methoden. Biochem. Z. 
260, 454. 

1933. (With H. Mounts.) II. Mitteilung. Die Volumenschwankung bei verschiedenen 
Kontraktionsformen. Biochem. Z. 260, 469. 

1933. (With H. Monte.) III. Uber die Volumenanderung bei chemischen Vorgangen im 
Muskel. Biochem. Z. 261, 252. 

1933. (With W. Kirsstinc.) Uber das Auftreten und den Umsatz der «-Glycerinphos- 
phorsaure bei der enzymatischen Kohlenhydratspaltung. Biochem. Z. 264, 40. 

1933. (With W. Ktessrinc.) Uber die phosphorylierten Zwischenprodukte und die 
letzten Phasen der alkoholischen Garung. Biochem. Z. 267, 313. 

1933. (With W. Kussstinc.) Zwischenprodukte des Kohlenhydratumsatzes im Muskel- 
extrakt. Naturwissenschaften, 21, 223. 

1933. Intermediate products and the last stages of carbohydrate breakdown in the meta- 
bolism of muscle and in alcoholic fermentation. Nature, Lond. 132, 337, 373. 

1933. (With H. Hartmann.) Die Volumenschwankung des Muskels in Parallelismus mit 
den chemischem Vorgangen der Kontraktion. Naturwissenschaften, 21, 661. 

1933. Uber die neuesten Fortschritte der Lehre von der Muskelkontraktion. Scientia, 
53, 321. 

1933. Chimie de la contraction musculaire. (Translation.) Paris: Hermann & Cie. 402 pp. 

1933. Betrachtungen iiber die naturphilosophischen Grundlagen der Physiologie. 
Abhandlungen der Fries’schen Schule (N.F.), 6, 36. : 

1933. [(By K. Lonmann.) Die Pasteur-Meyerhofsche Reaktion. Oppenheimer, Handb. 
Biochem. Ergaenzw. 1, 851.] 

1933. [(By K. Loumann.) Abbau und Aufbau der Phosphate. Oppenheimer, Handb. 
Biochem. Ergaenzw. 1, 899.] 

1933. [(By K. Loumann.) Zuckerabbau in der tierischen Zelle. Oppenheimer, Handb. 
Biochem. Ergaenzw. 1, 914.] 

1933. [(By J. G. Davis.) Uber Atmung und Garung von Milchsaure-Bakterien. Biochem. 
K. 265, 90.] 

1933. [(By J. G. Davis.) Uber Atmung und G4arung von Milchsaure-Bakterien. II. Biochem. 
XK. 267, 357.] 

1933. [(By N. Brooxens.) Uber den Bicarbonatgehalt des lebenden Muskels. Biochem. Z. 
267, 349.] 

1933. [(By H. Paar.) Uber die hormonale Beeinflussung des Stoffwechsels von wber- 
lebenden Schilddriisengewebe. Arch. exp. Path. Pharmak. 173, 513.] 

1933-1934. [(By A. Lworr.) Die Bedeutung des Blutfarbstoffes fiir die parasitischen 
Flagellaten. <b/. Bakt. I, Orig., 130, 498.] 

, 1934. Dihydroxyacetonephosphoric acid as an intermediate product in the cleavage of 

phosphorylated sugars. LX Int. Congr. Chem. (Madrid), 5, 347-52. 
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1934. 


1934. 


1934. 


1934. 


Obituary Notices 


[(By B. Weicker.) Uber den Chemismus des tatigen Herzmuskels. Arch. exp. Path. 
Pharmak. 174, 383.] 

[(By H. Paar.) Die Bedeutung der Schilddriese fur die Atmung von Warmbliter- 
gewebsschnitten. Klin. Wschr. 13, 207.] 

[(By M. Lworr.) Sur la respiration du Cilié Glaucoma piriformis. C.R. Soc. Biol. 
Paris, 115, 237.] 

[(By A. Smaxuta & H. Laser.) Optische Untersuchungen an Gewebszellen. 
Strahlentherapie, 49, 489.] 

(With K. Loumann.) Uber den Nachweis von Triosephosphorsaure als Zwischen- 
produkt bei der enzymatischen Kohlehydratspaltung. Naturwissenschaften, 22, 134. 

[(By H. Laser.) Weitere Untersuchungen tiber Stoffwechsel und Anaerobiose von 
Gewebe-Kulturen. Biochem. Z. 268, 451.] 

(With K. Loumann.) Uber die enzymatische Gleichgewichtreaktion zwischen 
Hexosephosphorsaure und Dioxyacetonphosphorsaure. Naturwissenschaften, 22, 220. 

[(By E. V. Barver & A. von Murat.) Lichtdurchlassigkeit und Tatigkeitsstoff- 
wechsel des Muskels. Pfliig. Arch. ges. Physiol. 234, 233.] 

[(By H. Hartmann.) Die Anderungen des Muskelvolumens bei der tetanischen 
Kontraktion als Ausdruck der chemischen Vorgange im Muskel. Biochem. <. 
270, 164.] 

[(By W. Kiesstinc.) Uber die Synthese der Dioxyacetonphosphorsaure. Ber. dtsch. 
chem. Ges. 67, 869.] 

Betrachtungen iiber die naturphilosophischen Grundlagen der Physiologie. Watur- 
wissenschaften, 22, 311. 

[(By K. Loumann.) Uber den Chemismus der Muskelkontraktion. Naturwissenschafien, 
22, 409))| 

[(By H. Harrmann & A. von Mura tt.) Blutmilchsdure und Héhenklimawirkung. 
Biochem. K. 271, 74.] 

(With K. Lonmann.) Uber die enzymatische Gleichgewichtsreaktion zwischen 
Hexosediphosphorsaure und Dioxyacetonphosphorsaure. Biochem. Z. 271, 89. 
(With K. Loumann.) Uber eine freiwillige enzymatische Spaltung mit negativer 

Warmetoénung. Naturwissenschaften, 22, 452. 

[(By G. Wap.) Carotenoids and the Vitamin A Cycle in vision. Vature, Lond. 134, 65.] 

[(By K. Lonmann.) Uber die enzymatische Aufspaltung der Kreatinphosphorsaure; 
zugleich ein Beitrag zum Chemismus der Muskelkontraktion. Biochem. Z. 271, 264.] 

[(By K. Loumann.) Weitere Untersuchungen tiber das Co-Ferment der Milchsaure- 
bildung. Biochem. K. 271, 278.] 

[(By K. Loumann & P. Scuuster.) Uber das Vorkommen der Adenin-Nukleotide 
in den Geweben, I. Das Vorkommen in der quersgestreiften Muskulatur von Wirbel- 
tieren und Wirbellosen, Biochem. <. 272, 24.] 

[(By K. Loumann.) Fette, Lipoide und Kohlenhydrate. Oppenheimer, Handb. 
Biochem. Ergaenzgsw. 2, 216.] 

[(By K. Lonmann & B. WercHER.) Kreislaufs- und Respirationsapparat. Oppen- 
heimer, Handb. Biochem. Ergaenzgsw. 2, 245.] 

(With K. Loumann.) Uber die enzymatische Umwandlung von Phosphoglycerin- 
sdure in Brenztraubensaure und Phosphorsaure. Biochem. Z. 273, 60. 

(With K. Loxnmann.) Uber die enzymatische Gleichgewichtsreaktion zwischen 
Hexosediphosphorsaure und Dioxyacetonphosphorsaure, II. Die negative Warme- 
tonung des enzymatischen Spaltung. Biochem. Z. 273, 73. 

Beobachtungen zur Kinetik der zellfreien Garung. Biochem. Z. 273, 80. 


[(By W. Kiesstinc.) Uber die Titrationskurven einiger 3-Kohlenstoff-Phosphorsaure- 
ester und der Inosinpyrophosphorsaure. Biochem. Z. 273, 103.] 

(With H. Harrmann.) Uber die Volumenschwankung bei der Muskelkontraktion. 
Pfltig. Arch. ges. Physiol. 234, 722. 
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(With K. Loxmann.) Uber die enzymatische Gleichgewichtsreaktion zwischen 
Hexosediphosphorsaure und Dioxyaceton-Phosphorsdure. III. Uber Abfangen 
der Triosephosphorsaure mit Bisulfit und die Verbreitung des Ferments Zymo- 
hexase in den verscheiden Zellarten. Biochem. Z. 273, 413. 

[(By R. Marcarta & A. von Muratt.) Photoelektrische Messung der pH-Anderung 
in Muskel wahrend der Kontraktion. Naturwissenschaften, 22, 634.] 

(With W. Kigsstine.) Uber cin neues phosphorliertes Intermedidrprodukt der 
Kohlehydratspaltung und sein enzymatisches Gleichgewicht. Naturwissenschaften, 
22, 838. 

[(By A. von Murat.) Lichtdurchlassigkeit und Tatigkeitsstoffwechsel des Muskels, 
II. Pfliig. Arch. ges. Physiol. 234, 653.) 

Sur les processus intermédiaires dans la dégradation des glucides (Formation d’acide 
lactique et fermentation alcoolique). Ann. Inst. Pasteur, 53, 565. 

Sur les rapports entre les processus chimiques et physiques dans la contraction 
musculaire. Ann. Inst. Pasteur, 53, 565. 

(With W. Kresstinc.) Uber ein neues phosphoryliertes Intermedidrprodukt der 
Kohlehydratspaltung und sein enzymatisches Gleichgewicht. Naturwissenschaften, 
22, 838. 

(With W. Scuuuz.) Uber die Reduktion von Stickoxyd durch Oxydationsfermente. 
Biochem. Z. 275, 147. 

[(By R. Marecarra.) An apparent change of pH on stretching a muscle. 7. Physiol. 
82, 496.] 

Respiration of muscles in its relation with the metabolism of scission. Int. intern. 
chim. Solvay, 5th Conseil, 1935. 

(With K. Loxumann.) Uber die enzymatische Gleichgewichtsreaktion zwischen 
Hexosediphosphorsdure und Dioxyacetonphosphorsaure. IV. Biochem. Z. 275, 430. 

[(By W. Kuessiinc.) Die Synthese der isomeren Glycerinsaure-Phosphorsauren 
(‘Phosphoglycerinsaure’). Ber. disch. chem. Ges. 68, 243.] 

[(By H. Paar.) Uber die Wirkung der Schilddriisenaktivierung auf den Jodhaushalt 
des Driisengewebes. Arch. exp. Path. Pharmak. 177, 367.] 

(With W. Kuessuinc.) Uber die Isolierung der isomeren Phosphoglycerinsauren 
(Glycerinsaure-2-Phosphorsaure und Glycerinsaure-3-Phosphorsaure) aus Garan- 
satzen und ihr enzymatisches Gleichgewicht. Biochem. Z. 276, 239. 

[(By H. Scxtxer.) Stoffwechsel- und Fermentuntersuchungen an Bakteriophagen. 
Biochem. XK. 276, 254.] 

Uber die Kinetik der umkehrbaren Reaktion zwischen Hexosediphosphorsaure und 
Dioxyacetonphosphorsaure. Biochem. Z. 277,,77. 

[(By W. Kiesstinc.) Die Synthese der (Enol-) Brenztraubensaure-phosphorsaure. 
Ber, dtsch. chem. Ges. 68, 597.] 

[(By H. Leamann.) Uber den Mechanismus der Vergarung des Dixoyacetons. 
Biochem. X. 277, 261.] 

Uber die Intermediarvorginge bei der biologischen Kohlehydratspaltung. 
Ergebn. Enzymforsch. 4, 208. 

[(By A. von Muratr.) Untersuchungen des Tatigkeitsstoffwechsels eines Muskels 
in situ, auf lichtelektrischer Grundlage. Schweiz. med. Wschr. 65, 362.] 

(With H. Lenmann.) Uber die Synthese der Kreatinphosphorsaure durch Umester- 
ung der Phosphobrenztraubensaure. Naturwissenschaften, 23, 337. 

[(By A. von Muratt.) Zur Frage der Blutregulation im Héhenklima. Schweiz. med. 
Wschr. 65, 461.] 

Uber umkehrbare Reaktionen im Verlauf der biologischen Zuckerspaltung. Natur- 
wissenshaften, 23,490. 

(With W. Kresstinc.) Uber die Geschwindigkeit der zymatischen Zuckergarung 
und den Ursprung der I. Harden-Young’schen Garungsgleichung. Naturwissen- 
schaften, 23, 501. 
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(With W. Kresstinc.) Uber die enzymatische Umwandlung der Glycerinaldehyd- 
phosphorsaure in Dioxyacetonphosphorsaure. Biochem. £. 279, 40. 

(With W. Kiesstinc.) Uber den enzymatischen Umsatz der synthetischen Phosphor- 
brenztraubensdure (enol-Brenztraubensaure-phosphorsaure). Biochem. <. 280, 99. 

{(By R. Axano.) Versuche zur Trennung der ‘Enolase’ ‘Phosphoglyceromutase’. 
Biochem. &. 280, 110.] 

[(By I. Torres.) Uber die Restatmung von Saugetiergeweben in Blausaure. Biochem. 
K. 280, 114.] 

Neuere Untersuchunge uber die Reaktionskette der alkoholischen Garung. Helv. 
chim. Acta, 18, 1030. 

[(By A. von Muratt.) Zur Energetik der Muskelkontraktion. Verh. Dr. Ver. schweiz. 
Physiol. June 1935.] 

(With W. Kirsstinc.) Die Umesterungsreaktion der Phosphobrenztraubensaure bei 
der alkoholischen Zuckergarung. Biochem. <. 281, 249. 

[(By H. Leumann.) Uber die enzymatische Synthese der Kreatinphosphorsaure 
durch Umesterung der Phosphobrenztraubensaure. Biochem. Z. 281, 271.] 

(With W. Scuutz.) Uber die Energieverhaltnisse bei der enzymatischen Milch- 
saurebildung und der Synthese der Phosphagene. Biochem. Z. 281, 292. 

(With P. Scuuster.) Uber das Vorkommen der Adenin-Nucleotide in den Geweben. 
II. Mitt., Herzmuskulatur. Biochem. Z. 282, 104. 

[(By K. Lonmann.) Uber die Aufspaltung der Adenylpyrophosphorsaure und 
Argininphosphorsdure in Krebsmuskulatur. Biochem. Z. 282, 109.] 

[(By K. Loumann.) Konstitution der Adenylpyrophosphorséure und Adenosindi- 
phosphorsaure. Biochem. <. 282, 120.] 

Uber die Wirkungsweise der Hexokinase. Naturwissenschaften, 23, 850. 

(With W. Moniz.) Uber den reversiblen Anteil der Volumenkonstriktion des 
Muskels. Pfliig. Arch. ges. Physiol. 236, 533. 

(With W. Kiesstinc.) Uber den Hauptweg der Milchsaurebildung in der Muskulatur. 
Biochem. &. 282, 83. 

[(By P. Outmeyer.) Uber die Gargeschwindigkeit der Hexosediphosphorsaure und 
ihre Umesterung mit Adenylsaure. Biochem. Z. 282, 114.] 

[(By I. Torres.) Uber Kreatinphosphorsauresynthese in Organextrakten und in 
lebenden Spermatozoen. Biochem. Z. 283, 128.] 

[(By K. Loxmann.) Der Stoffwechsel des Muskels. Handb. Biochem. Ergaenzgsw. 
025) bal 

[(By K. Loumann & B. WercHer.) Stoffwechsel des Herzens. Handb. Biochem. 
Ergaenzgsw. 3, 414.] 

[(By K. Loumann.) Stoffwechsel der driisigen und endokrinen Organe (ausser Leber). 
Handb. Biochem. Ergaenzgsw. 3, 431.] 

[(By A. von Murat.) Zusammenhange zwischen physikalischen und chemischen 
Vorgangen bei der Muskelkontraktion. Ergebn. Physiol. 37, 406.] 

[(By G. Warp.) Carotenoids and the visual cycle. 7. gen. Physiol. 19, 351.] 

25 Fahre Kaiser Wilhelm-Gesellschaft zur Férderung der Wissenshaften Bd. Il: Die Natur- 
wissenshaften. Institut fiir Physiologie S.373. Berlin: Springer. 

(With W. Méute.) Uber die Volumenschwankung des Muskels als ausdruck der 
chemischen Vorgange. Biochem. Z. 284, 1. 

Neue Versuche tiber den Mechanismus der enzymatischen Kohlehydratspaltung 
(Milchsaurebildung und alkoholische Garung.) Gurr. Sci. 4, 669. 

Uber die Dioxyacetonphosphorsaure als Zwischenprodukt bei der Aufspaltung 
des phosphorylierten Zuckers. LX. Int. Congr. Chem. (1934), 5, 374. 

(With W. Kiessiinc.) Uber die Wirkung des Arseniats auf die Garung. Naturwissen- 
schaften, 24, 361. 
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[(By K. Lonmann.) Untersuchungen an Oktopusmuskulatur. Isolierung und enzyma- 
tisches Verhalten von Adenylpyrophosphorsaure und Argininphosphorsaure. 
Biochem. &. 286, 28.] : 

(With K. Lonmann & P. Scuuster.) Uber die Aldolase, ein Kohlenstoff-verkniip- 
fendes Ferment. I. Mitt. Aldolkondensation von Dioxyacetonphosphorsdure mit 
Acetaldehyd. Biochem. Z. 286, 301. II. Mitt. Aldolkondensation von Dioxyaceton- 
phosphorsaure mit Glycerinaldehyd. Biochem. Z. 286, 319. 

[(By H. Leumann.) Uber die Umesterung des Adenylsauresystems mit Phosphagenen. 
Biochem. Z. 286, 336.] 

(With W. Kresstinc.) Uber Cozymasepyrophosphat. Naturwissenschaften, 24, 557. 

(With W. Scuutz.) Uber die quantitative Bestimmung der Hexosen durch Garung. 
Biochem. &. 287, 206. 

[(By P. Outmeyer.) Uber die Beteiligung des Adenylsauresystems und der Cozymase 
an der alkoholischen Garung. Biochem. Z. 287, 212.] 

[(By W. Kuiessiinc.) Verbesserungen in der Darstellung der (Enol-)Brenztrauben- 
saure-phosphorsaure. Ber. dtsch. chem. Ges. 69, 2331.] 

Neuere Versuch uber zellfreie alkoholische Garung. Naturwissenschaften, 24, 689. 

(With P. Outmeyer.) Uber die Unersetzbarkeit der Cozymase fiir die enzymatische 
Milchsaurebildung. Naturwissenschaften, 24, 741. 

(With W. Scuuz.) Uber die Warmetoénung der Aldolkondensation der Hexose-1- 
phosphorsaure. Biochem. <. 289, 87. 

(With K. Loumann.) A newly discovered intermediate product and a new scheme 
for alcoholic fermentation. [X. Int. Chem. Congr. (Madrid), 5, 253. 

[(By K. Lonmann & P. Scuuster.) Uber die Co-Carboxylase. Naturwissenschaften, 
25, 26.] 

[(By K. Loumann.) Chemische Vorgange bei der Muskelkontraktion. Angew. Chem. 
50, 97.] 

(With P. OBLMEYER & W. Mouze.) Die Cozymase als Ampholyt. Naturwissenschaften, 
25,3172. 

[(By S. OcHoa.) Enzymatische Milchsaurebildung in der Herzmuskulatur. Biochem. Z. 
290, 62.] 

[(By P. Ontmeyer & S. Ocuoa.) Uber die Rolle des Mangans fur die Phosphat 
libertragende Funktion der Cozymase. Naturwissenschaften, 25, 253.] 

(With P. Outmeyer.) Uber die Rolle der Co-Zymase bei der Milchsaurebildung 
im Muskelextrakt. Biochem. <. 290, 334. 

Uber die Synthese der Kreatinphosphorsaure im Muskel und die ‘Reaktionsform’ 
des Zuckers. Naturwissenschaften, 25, 443. 

(With W. Kresstinc & W. Scuutz.) Uber die Reaktionsgleichungen der alkoholischen 
Garung. Biochem. £. 292, 25. 

[(By S. Ocuoa.) Darstellung reiner Cozymase aus Warmbliitermuskulatur. Biochem. X. 
292, 68. 

(With ee & P. Scuuster.) Uber die enzymatische Synthese der Kreatin- 
phosphorsaure und die biologische ‘Reaktionsform’ des Zuckers. Biochem. <. 
293, 309. 

[(By P. Ontmever & S. Ocuoa.) Uber die Rolle der Cozymase bei der Phosphatiiber- 
tragung. Biochem. Z. 293, 338.] 

[(By M. Dusursson.) Untersuchungen tiber die Reaktionssanderung des Muskels 
im Verlauf der Tatigkeit. Pfliig. Arch. ges. Physiol. 239, 314.] 

[(By K. Loumann & P. Scuusrer.) Uber das Vorkommen der Adeninnucleotide 
in den Geweben. III. Biochem. Z. 294, 183.] 

[(By K. Lonmann & P. Scuusrer.) Untersuchungen iiber die Cocarboxylase. Biochem. 
K. 294, 188.] 

(With W. Mout.) Kataphoretische Studien am Enzymsystem des Kohlenhydratab- 
baus. Biochem. &. 294, 249. 


198 


1937. 


LISTE 


1937. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 
1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1938. 


1939. 


IES). 


19393 


1939; 


Obituary Notices 


[(By T. Gopa.) Uber die Umwandlung von Fructose in Glucose in der Leber. 
Biochem. Z. 294, 259.] 

[(By H. Imanaca.) Uber die Kondensation von Triosen zu Hexosen in der Leber. 
Biochem. &. 294, 342.] 

Uber die Intermediarvorgange der enzymatischen Kohlehydratspaltung. Ergebn. 
Physiol. 39, 10. 

Sur la phosphorylation intermédiare au cours de la glycolyse dans l’extrait 
cérébral. Bull. soc. chim. Biol. 20, 1335. 

(With W. Kissstinc.) Uber eine Dinucleotidepyrophosphorsaure der Hefe. Natur- 
wissenschaflen, 26, 13. 

[(By W. Kresstinc & P. Scuusrer.) Uber die sterische ZugehGrigkeit der biologischen 
Glycerin-«-phosphorsaure und Glycerinsdure-3-phosphorsaure. Ber. dtsch. chem. 
Ges. 71, 123.] 

(With M. Dusursson & W. Scuunz.) Untersuchungen tiber die Reaktionsanderungen 
des Muskels im Verlauf der Tatigkeit im Zusammenhang mit den chemischen 
Vorgangen. Pfliig. Arch. ges. Physiol. 239, 776. 

[(By S. Enpo.) Uber die Zwischenreaktionen der Garung von Bacterium coli. Biochem. 
K. 296, 56.] 

The Intermediary Reactions of Fermentation. Nature, Lond. 141, 855. 

(With W. Kiesstinc.) Uber ein Adenindinucleotid der Hefe: Di-(Adenosin-5’ 
phosphorsaure). Biochem. Z. 296, 410. 

Bemerkungen zu der Arbeit von Ernst und Koczkas: “Eigenfrequenz und Rever- 
sibilitat der Volumverminderung des Muskels’. Pfliig. Arch. ges. Physiol. 240, 386. 
(With W. Scxutz.) Eine neue Bestimmungsmethode der Phosphoglycerinsaure. 

Biochem. <. 297, 60. 

[(By P. Outmeyer.) Darstellung von reiner Dihydrocozymase in Substanz. Biochem. 
X. 297, 66.] 

(With P. On_tmEvER & W. Montz.) Uber die Koppelung zwischen Oxydoreduktion 
und Phosphatveresterung bei der anaeroben Kohlenhydratspaltung. I. Mitteilung. 
Die Reaktionsgleichungen der Koppelung. Biochem. Z. 297, 90. II. Mitteilung. 
Die Koppelung als Gleichgewichtreaktion. Biochem. Z. 297, 113. 

[(By T. Gopa.) Notiz iber die Umwandlung von Fruktose in Glucose in der Niere. 
Biochem. &. 297, 134.] 

[(By T. Gopa.) Beitrag zur enzymatischen Oxyreduktion zwischen Glycerin- 
phosphorsaure und Brenztraubensaure. Biochem. Z. 297, 347.] 

(With P. OnLMEYER, W. GENTNER, & H. Mater-Leisnitz.) Studium der Zwischen- 
reaktionen der Glykolyse mit Hilfe von radioaktiven Phosphor. Biochem. Z. 298, 396. 

[(By L. Currius & P. OHLMEYER.) Kochbestandige Enzymreaktionen im Verlauf 
der anaeroben Kohlenhydratspaltung. Biochem. Z. 298, 412.] 

[(By W. Kuessiinc.) Uber die Reindarstellung von Glucose-1-phosphorsaure (Cori- 
Ester). Biochem. <. 298, 421.] 

[(By T. Gopa.) Kann lebende Hefe Hexosen direkt vergaren? Biochem. Z. 298, 431.] 

Sur Visolement de Vacide 3-glycéroaldéhydephosphorique biologique au cours 
de la dégradation enzymatique de l’acide hexose diphosphorique. Bull. Soc. Chim. 
Biol. 20, 1033 and 1345. 

[(By W. Kuesstinc.) Uber ein neues Fermentprotein der Hefe und eine reversible 
enzymatische Synthese des Glykogens. Naturwissenschaften, 27, 129.] 

Les méthodes employées per Goethe dans ces études scientifiques. Bull. Soc. Philom. 
Paris, 122, 43. 

Sur Visolement de l’acide 3-glycéroaldéhydephosphorique biologique au cours de la 
degradation enzymatique de I’acide hexose diphosphorique. Bull. Soc. Chim. Biol. 
21; 965; 

L’emploi du phosphore radioactif dans la glycolyse et la fermentation. Bull. Soc. 
Chim. Biol. 21, 1094. 
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(With E. Perpicon.) Sur la glycolyse phosphorylante dans les extraits embryon- 
naires. C.R. Soc. Biol. Paris, 132, 186. 

The chemistry of anaerobic recovery in muscle. New Engl. 7. Med. 220, 49. 

(With E. Perpicon.) Sur la glycolyse phosphorylante des tissus animaux. Enzymologia, 
8, 353. 

Significance of oxidation for muscular contractions. Biol. Symp. 3, 239. 

Oxidoreductions in carbohydrate breakdown. Biol. Symp. 5, 141. 

Nature, function and distribution of the phosphagens in the animal kingdom. Collect. 
Net, 16, No. 10. 

Intermediate carbohydrate metabolism. A symposium on respiratory enzymes, p. 3. 
University of Wisconsin Press. 

(With R. Junowicz-Kocuo.aty.) The two-fold activation of carbohydrate break- 
down by arsenate and the dephosphorylation of phosphopyruvic acid. 7. biol. 
Chem. 145, 443. 

Enzymatic mechanisms of fermentation. Amer. Brewer, January 1943. 

(With R. Junowrcz-Kocuoxaty.) The equilibria of isomerase and aldolase and the 
problem of the phosphorylation of glyceraldehyde phosphate. 7. biol. Chem. 149, 
Ale 

Energy relationships in glycolysis and phosphorylation. Ann. N.Y. Acad. Sci. 45, 377. 

(With L. V. Beck.) Triose phosphate isomerase. 7. biol. Chem. 156, 109. 

Physical changes of muscle related to activity. Colloid Chemistry, 5, 883-900. 
Ed. by Jerome Alexander. 

The origin of the reaction of Harden and Young in cell-free alcoholic fermentation. 
J. biol. Chem. 157, 105. 

(With B. D. Potts.) Partial separation of adenosinetriphosphatase from myosin. 
J. biol. Chem. 163, 339. 

New investigations in the kinetics of cell-free alcoholic fermentation. Antonie Van 
Leeuwenhoek, F. Microbiol. G Serology, 12, 140. Jubilee Volume. 

(With Nrvena Girazkowa.) The rate of anaerobic glycolysis of various hexoses 
in mammalian tissues. Arch. Biochem. 12, 405. 

The main chemical phases of the recovery of muscle. Ann. N.Y. Acad. Sci. 47, 815. 

The rates of glycolysis of glucose and fructose in extracts of brain. Arch. Biochem. 
13, 485. 

(With J. R. Witson.) The rate of turnover of hexosediphosphate in brain preparations. 
Arch. Biochem. 14, 71. 

(With B. D. Potts.) Studies on adenosinetriphosphate in muscle. I. Concentration 
of the enzyme on myosin. 7. biol. Chem. 169, 389. 

(With P. OrspEer.) The mechanism of the oxidative reaction in fermentation. F. biol. 
Chem. 170, 1. 

(With J. R. Witson.) Studies on glycolysis of brain preparations. IV. Arch. Biochem. 
b7 2153. 

(With L. O. Ranpatu.) Inhibitory effects of adrenochrome on cell metabolism. 
Arch. Biochem. 17, 171. 

(With W. W. Krettey.) Studies ‘on Henosinetr phere at in muscle. II]. A new 
magnesium-activated ATP-ase. 7. biol. Chem. 176, 591. 

(With J. R. Witson.) Studies on glycolysis of brain preparations. V. Affinity of 
hexokinase for glucose and fructose. Arch. Biochem. 19, 502. 

New investigations on enzymatic glycolysis and phosphorylation. Experientia, 4, 169. 

A Mg-activated ATP-ase from muscle. 7. biol. Chem. 174, 387. 

(With Jean R. Writson.) Glycolysis in homogenates and extracts of malignant 
tumor. Amer. 7. Med. Sci. 216, 235. 

(With J. R. Witson.) Studies on the enzymatic system of tumor glycolysis. I. Glyco- 
lysis of free sugar in homogenates and extracts of transplanted rat sarcoma. Arch. 
Biochem. 21, 1. 
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(With J. R. Witson.) Studies on the enzymatic system of tumor glycolosis. II. 
Comparative study of rat and mouse tumor homogenates. Arch. Biochem. 21, 22. 
(With H. Green.) Synthetic action of phosphatase. I. Equilibria of biological esters. 

FJ. biol. Chem. 178, 655. 

(With P, Orsprr.) The enzymatic equilibria of phospho(enol) pyruvate. F. biol. 
Chem. 179, 1371. 

(With J. R. Wirson.) Comparative study of the glycolysis and ATP-ase activity in 
tissue homogenates. Arch. Biochem. 23, 246. 

Glycolysis of animal tissue extracts compared with the cell-free fermentation of 
yeast. Wallerstein Labratories Communications, 12, 255. 

Further studies of the Harden-Young effect in alcoholic fermentation of yeast prepara- 
tions. 7. biol. Chem. 180, 575. 

(With H. Green.) Transphosphorylation by alkaline phosphatase in the absence 
of nucleotides. Science, 110, 503. 

(With S. Frava.) Pasteur effect in dead yeast. Fed. Proc. 9, 205. 

(With H. Green.) Transphosphorylation in the absence of nucleotides. Fed. Proc. 
95 79: 

(With H. Green.) Synthetic action of phosphatase. II. Transphosphorylation by 
alkaline phosphatase in the absence of nucleotides. 7. biol. Chem. 183, 377. 

(With W. W. Kietrey.) Studies on adenosinetriphosphatase of muscle. III. The 
lipoprotein nature of the magnesium-activated adenosine-triphosphatase. 7. biol. 
Chem. 183, 391. 

(With P. Oxrsper.) The determination of triose phosphate isomerase. Arch. Biochem. 
21223: 

(With A. Kapian.) A derivative of cozymase as activator of fermentation. Arch. 
Biochem. 28, 147. 

(With S. Fiava.) Pasteur effect in dead yeast. Biochim. Biophys. Acta, 6, 1. 

Biochemistry. Scz. Amer. 183, 62. 

Uber Goethes Methode der Naturforschung. Proc. Rudolf Virchow Med. Sci. 8, 3. 

Mechanisms of glycolysis and fermentation. Canad. 7. Med. Sci. 29, 63. 
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JAMES HERBERT ORTON 
1884-1953 


JAmeEs HERBERT ORTON was born on 11 March 1884 at Bradford, Yorkshire, 
his father being George William Orton of Westmorland who married 
Sarah Rebacca West of farmer stock from Lincolnshire. James was the fourth 
child in a family of six brothers and six sisters, four of whom died as infants, 
one at the age of 12 and another at 27. 

He was town bred, but at an early age he became interested in the 
country and would spend whole Sundays on long walking expeditions 
hunting for frogs and newts, and birds nests. His childhood days were healthy 
and happy though owing to early financial troubles his parents had little 
means. At the age of 11 years, while attending part time at White Abbey 
Board School in Bradford, he was.employed half-time as an errand boy. 
He himself has remarked that he thereby attained a certain degree of indepen- 
dence, a character for which he was noteworthy throughout his life. He 
enjoyed his school work and remembered especially his oo of one 
teacher who taught physiology and rugby football. 

When 13 years of age he became apprenticed as a mechanical dentist, 
serving his time until he was 21. During those years he attended evening 
classes at the Technical School and later took his London University 
Matriculation examination. 

In 1906 he won a National Scholarship in Biology and proceeded to the 
Royal College of Science, London, where he became a Ist class Associate 
in Zoology in 1909. 

All his friends will remember Orton as an indefatigable worker; a con- 
temporary of his student days, Dr W. Rushton, remembers him frequently 
sitting on the doorstep waiting for the college doors to open and being the 
last to leave. He was always very active physically; he played centre forward 
for the Royal College of Science Ist Association Football team from 1906-8. 
Orton kept this love of outdoor exercise and games to later life, playing for 
the Plymouth Ist hockey team from 1924-28 and the Plymouth 2nd cricket 
eleven from 1920-29. Those who can remember Orton in his Plymouth 
days will not forget seeing the way he strode across the Hoe to his work. 

In 1909 he was elected Marshall Scholar of the Royal College of Science 
and he graduated B.Sc. London with Ist class honours in 1910. In that year 
he was appointed to the staff of the Plymouth laboratory of the Marine 
Biological Association of the United Kingdom as Assistant Naturalist. Here, 
except for the first war years, he remained until 1929 on his appointment 
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to the Professorship of Zoology at Liverpool University in succession to 
W. J. Dakin. It was while he was at Plymouth that Orton did the greater 
part of his research. 

In 1939, while still Professor of Zoology, he became Director of the Marine 
Biological laboratory at Port Erin, in the Isle of Man, the administration of 
which had been transferred from the Liverpool Marine Biological Gom- 
mittee to the University in 1923. From then until 1939 it had formed part 
of the Department of Oceanography which was founded and endowed by 
Sir William Herdman. Orton was again away on service during the second 
world war, but on his return to Liverpool in 1944 he initiated the beginning 
of an increase in staff and expansion of the scientific programme of the Port 
Erin laboratory which is still bearing its fruit. He retired from the Professor- 
ship in 1949 on reaching the age of 65. 

Orton received the Huxley Medal from the Royal College of Science in 
1914 for his researches at Plymouth, and he was awarded his D.Sc. in the 
same year. He was elected F.R.S. in 1948. On his retirement from the 
University he was made an Emeritus Professor. 

Orton served in both world wars. In the first he rose to the rank of Captain, 
being Assistant Commandant at the Southern Command Royal Garrison 
Artillery Signalling Training Depot. In the second he served first in the 
Royal Artillery, later transferring to operational research with Coastal 
Command. 

Apart from the influence of his research Orton played a large part in the 
development of the study of marine biology by his stimulating teaching. 
He once said to me that he had taken up his Univeristy work too late after 
so many years in whole-time research, yet there is plenty of evidence of his 
success as a professor. It is only necessary to remark on how many of his 
former pupils at Liverpool are now on the staffs of different marine biological 
laboratories to realize his influence. 

But even before he went to Liverpool he had made his impression on 
many young zoologists, for in 1914 he took charge of the Easter Courses. 
held at the Plymouth Laboratory which had been started originally by 
Garstang. Apart from the war years he supervised these courses until 1929, 
and later he took courses in September. Orton’s keen and eager participation 
at these vacation gatherings must remain a vivid memory to many alive 
today, for all together some 450 or more students passed through his hands, 
of whom at least 70 remained in the zoological field, 12 became Professors, 
and 8 Directors of Marine Laboratories or equivalent organizations. I was 
myself one of those fortunate enough to attend, and in that one class in 1921 
the following also took part: the late Professor K. N. Bahl, Professor L. E. S. 
Eastham, Dr Honor B. Fell, Miss S. Garstang (Mrs A. C. Hardy), Dr 
C. C. Hentschel, Dr L. Harrison Matthews, the late C. C. A. Munro, Dr 
C. F. A. Pantin, W. H. Potts, Dr H. Sandon, H. P. Sherwood, R. H. Teale, 
and Dr E. Trewavas. It should be remembered that this was at a period when 
the numbers of advanced students taking zoology at Universities was still 
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small and when a general expansion of science was taking place. The number 
of course in marine biology was then not as great as now, so that a much 
higher proportion of zoology students came to Plymouth. This probably 
accounts for why so many of those who passed through Orton’s courses 
continued in a zoological career. While at Liverpool he reorganized the 
students’ courses at Port Erin where his vivifying influence was soon felt. 

In 1922 Orton also delivered a series of lectures in Marine Bionomics at 
London University, and in 1935 he was Frank Buckland Professor, choosing 
as his subject ‘Oyster biology and oyster culture’. 

While at the Royal College of Science Professor Dendy gave him a col- 
lection of radulae of the slipper limpet, Crepidula fornicata, collected at 
West Mersea, suggesting that a comparison should be made of the radula 
in American and English stocks of this oyster pest which had been introduced 
into this country in 1880. Orton remarks, ‘I took the matter up, but after 
reading Professor Conklin’s work, on the genus Crepidula, decided to extend 
the investigation.’ 

From his observations Conklin had suggested that it might be that 
protandrous hermaphroditism occurred in Crepidula. Orton showed defi- 
nitely that this was so. Having indicated that the chains were permanent 
he made a detailed study of all individuals in a large number of chains. 
He was able to show that the largest and lowest members of a chain were 
always female and the smallest ones at the top always male. He also found 
many intermediate stages in the middle proving the change over of the 
sex from male to female. A careful examination of these latter specimens 
showed that the development of the primary sexual characters was always 
in advance of that of the secondary sexual characters. 

Orton extended these observations to Calyptraea chinensis and showed 
that it also was a protandrous hermaphrodite. 

It seems likely that this introduction to mollusc biology and especially its 
association with oysters may have influenced Orton’s future work. 

On arriving at Plymouth Orton at first continued his studies on Crepidula. 
‘From my studies of the habits and anatomy of this sluggish animal I had 
formed a hazy idea that, since the gut is very strongly ciliated throughout, 
food was probably drawn in at the mouth in a current of water. As a result 
of this idea, I concluded that the radula in later life was an obsolete organ 
which the animal possessed merely as a heritage from its ancestors. On my 
expressing this opinion to Dr Allen, he pointed out that if Crepidula pos- 
sessed an obsolete but well-developed radula, then the phenomenon appeared 
to be a new one, which required to be carefully investigated.’ 

Examination showed that Crepidula was undoubtedly a ciliary feeder but 
that the radula was also used to grasp the food as it passed towards the 
mouth. Its function had become that of grasping rather than rasping. This 
discovery caused Orton to extend his observations to other molluscs. He 
found that a number of gastropods, including Calyptraea and Capulus, had 
“ similar feeding mechanisms. He compared these with lamellibranchs for 
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which it was already known that the gills were essentially organs of feeding. 
He was a pioneer in the analysis of the ciliary mechanism in lamellibranchs 
showing that the main food and respiratory current is caused by the beating of 
the lateral cilia, and that the collection and transport of food material is done 
mainly by the frontal cilia, assisted by the latero-frontal cilia when they are 
present. This work of Orton’s was the most detailed that had been done about 
that time apart from the work of Kellogg, and of Wallengren in 1905, which 
was apparently unknown both to Orton and Kellogg. The work on gastro- 
pods was certainly the first of its kind. 

Similar investigations were now extended to other groups including 
polychaetes, Solenomya, tunicates, brachiopods, Phoroms and Amphioxus and 
Ammocoete larvae. In this survey Orton brought to notice the evolutionary 
convergence in ciliary feeding mechanisms in widely separated groups of 
the animal kingdom. All had the differentiation into lateral and frontal 
cilia, the lateral being the main current producers and the frontal driving 
the food towards the mouth. The description of feeding in Amphioxus was the 
most detailed hitherto and showed the passage of mucus from the endostyle 
to the dorsal wall of the pharynx, and the selection of food size by means 
of buccal tentacles. The work on brachiopods was the first of its kind. 

Then followed a brief paper on the Plymouth species of Cucumaria showing 
Orton’s general faunistic interest. 

Meanwhile, already in 1914, he had started collecting material for a general 
study of growth in marine invertebrates. Orton’s stated aims were: 

1. To establish the age of common marine invertebrates. 

2. To determine the minimum age at which these forms begin to breed. 

3. ‘To examine the rate of growth at different seasons of the year and under 
different conditions. 

4. To investigate the fecundity of different forms so far as possible. 

5. To collect the scattered literature on these subjects. 

His general methods of obtaining the necessary data were by the immer- 
sion of various objects in the sea at a known time and subsequent observation 
and collection of the various kinds of animals growing on them, and by 
entrapping young and larval free-living animals and observing their rate 
of growth. 

The results were published in 1914 in a paper entitled ‘Preliminary 
account of a contribution to an evaluation of the sea’, and provided a wealth 
_ of information on the life histories of sessile marine animals in many inverte- 
brate groups. It was shown that many of these animals were annuals, and 
that some matured in from 1} to 2 months and could pass through two or 
three generations in a year. 

The first great war now intervened and there was to be a gap of several 
years before the next publication in 1920. This was entitled ‘Sea-temperature, 
breeding and distribution of marine animals’. This was largely a review 
of the literature on this subject reinforcing the general conclusions of the 
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influence of temperature which Orton had himself realized from the results 
of his observations on growth of marine animals. 

In October 1920 Orton was called to attend a meeting of representatives 
of the Development Commission, the Ministry of Agriculture & Fisheries, 
and the Oyster Merchants and Planters Association to discuss an examination 
of the cause of abnormal mortality which had occurred among oysters in the 
oyster beds of the Thames Estuary during the summer of 1920. It was decided 
that investigations should be begun under Orton’s general direction. In this 
work he was to have the assistance of Dr O. L. Brady on the chemistry of 
explosives and of Professor J. Eyre on bacteriology. It was popularly held 
that the dumping of explosives, including T.N.T., in certain areas of the 
Thames Estuary after the war was the cause of the mortality. 

Orton undertook this work with characteristic vigour and breadth of 
vision. From the point of view of providing an answer to the problem it was 
disappointing. As has happened since with Zostera, the peak of the mortality 
was essentially passed before a decision to investigate was made. The real 
cause could not be found, but it was at any rate shown that it was unlikely 
that T.N.T. had been responsible. 

Throughout the large report produced as a result of the investigation 
Orton stressed our lack of knowledge of the normal state and general 
physiology of the oyster. He examined the problem from the point of view 
of weather and general environmental conditions, poisons, parasites and pests 
and made many detailed and fundamental observations on the oysters 
themselves, including original data on myolysis and bleeding. As a result 
he made a number of recommendations for future fundamental research, 
and on reading these recommendations it can be seen how he himself bore 
them in mind and allowed them to shape his own research in later years. 
One of the immediate outcomes of his recommendations was the appointment 
of C. M. Yonge to the staff of the Plymouth laboratory for two years to carry 
out a special investigation on the feeding and the physiology of digestion 
in the oyster. 

In June 1924 he attended a meeting called by the Cornwall Sea Fisheries 
Committee between the Falmouth and Truro authorities and the oyster 
dredgermen to discuss the question of the need for an increased measure of 
protection for the oyster beds in the Fal Estuary. In September of the same 
year the Ministry of Agriculture & Fisheries convened an enquiry meeting 
at Falmouth into the decline of the oyster fishery. Orton attended as technical 
adviser and the outcome was that he undertook a survey to estimate the 
stock, the rate of fishing and the distribution of the stock. ‘This survey resulted 
in the uncovering of a number of research problems which Orton himself 
later investigated. Among these was a study of the so-called ‘dumpy’ oysters 
which formed a large proportion of the Fal Estuary stock. It was concluded 
that they formed a valuable reserve for purposes of reproduction. In this, 
however, he ignored the possibility that the poor shape of the oyster might 
» be inherited and the shell standard of the beds not improved. 
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One outcome of his study of the fertility of normal and dumpy oysters 
was the disclosure of lunar periodicity in breeding, a subject which he fol- 
lowed up in some detail. 

Another line he followed up was the study of fattening of oysters and their 
shell growth. He showed that oysters in the Fal Estuary had two periods of 
shell growth in the year, one in the spring and the other in the autumn. 
These occurred in the pre-breeding and post-breeding part of the season. 
He found similar periods of shell growth in beds in the River Blackwater, 
Essex. He linked these periods with the temperature of the environment, 
concluding that the higher temperatures led to development for reproduction, 
a state that is on the whole antagonistic to shell-growth. Good fattening 
occurs when food supply is abundant and neither shell-growth nor breeding 
are taking place. Orton at that time suggested manuring of oyster beds to 
secure increased fattening. 

It will have been realized that very early in his career Orton became 
interested in the sex phenomena in molluscs, and this culminated in a study 
of Fal oysters in his notable publications on sex change in oysters. Sex reversal 
had been suggested by earlier workers, but until Orton undertook his com- 
prehensive investigations it lacked convincing proof. By exhaustive examina- 
tion of great numbers of specimens he showed how rapid was the change of 
sex. ‘In from 2 to 3 months after egg-spawning sperm-development is com- 
pleted and the male phase begins to wane, and a small percentage of indivi- 
duals may become female or actively female-functioning again. In 12 months 
after the last egg-spawning a significant number of individuals become once 
more functional females.’ 

Of this work Dr H. A. Cole, Director of the Ministry of Agriculture & 
Fisheries Shellfish Research, says: “His series of papers entitled ‘“Observations 
and experiments on sex-change in the European oyster” were very thorough 
and comprehensive, and practically all his conclusions have since been 
confirmed. Moreover, his work led to a whole series of studies on the breeding 
of oysters in practically every country in the world in which they are cul- 
tivated. This series of papers appeared over a long period, the final one being 
that published in the Mém. Mus. Hist. Nat. Belg. in 1936 which I regard as 
a very fine piece of work—I think his best.’ 

As regards the work on shell growth in native and Portuguese oysters 
Dr Cole says: ‘He laid the basis of future studies, studies which we are now 
taking up again and which will be, we think, of great importance in selecting 
and propagating quick-growing, early maturing strains of oysters. Although 
Orton never discussed with me the desirability of genetical selection of 
improved races of oysters, his attitude was that we should find out as much 
as possible about conditions of growth in order that well-grown and fat 
oysters could be produced at will.’ 

On other aspects of Orton’s work Dr Cole says: ‘He appreciated the 
dangers inherent in the spreading of the pest Crepidula in British oyster beds. 
Unfortunately his warnings were not heeded and no serious work was done 
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on slipper limpets until quite recently. A small but quite important series 
of papers dealt with the Oyster Drills, Urosalpinx and Ocinebra, and he was 
first to recognize Urosalpinx and to observe that severe winters result in very 
severe selective mortality of Ocinebra in Essex. Indeed the winters of 1940 
and 1947 appear to have exterminated Ocinebra on this coast.’ 

In 1919 he started an experiment (in continuation of his work on the 
evaluation of the sea) to obtain information on the rate of growth of the 
common cockle, Cardium edule. For this he had an experimental cage sited 
in the Yealm Estuary and received the close assistance of Mr W. H. Searle 
(‘Bill’) the veteran fisherman collector of the Plymouth laboratory. In this 
investigation he elucidated the winter growth rings, and the ‘disturbance’ 
rings, which are normally less deep and result from the stoppage of shell- 
growth for a few days due to some disturbance of the animal. He showed 
the presence of similar rings in the common mussel, Mytilus edulis. At the 
same time he established the breeding period of the cockle. 

Orton extended his observations on growth and breeding to other molluscs, 
notably the limpet and the mussel. He also made a great number of lesser 
observations on a wide range of marine animals, one of the more interesting 
being on the feeding of the hermit crab, Eupagurus bernhardus. He found that 
at certain times of year at any rate the crab fed mainly on micro-organisms 
using its third maxillipede for the purpose. He also recorded ciliary feeding 
in Aurelia. 

There is one other field in which Orton was among the earlier pioneers; 
this is the biological study of the effects of anti-fouling compositions. During 
the course of his early observations on the rate of growth and breeding of 
marine organisms he realized that the knowledge thus obtained would 
supply invaluable material for experimental studies on the properties and 
efficacies of anti-fouling paints used to prevent organisms from settling and 
growing on the bottoms of ships and on other underwater structures. He 
began this work in 1919, although the results were not published until 1929. 
By exposing materials in the sea for periods varying from 14 months to 
34 years he tested the power of a number of paints and other substances for 
inhibiting growth of marine organisms, their preservative value and their 
durability in sea water. Although much research has been done since that 
time on problems of anti-fouling there is no doubt that Orton’s work formed 
a valuable contribution to the foundation literature on the subject. 

All the above research was done while Orton was at Plymouth. When 
he went to Liverpool he continued to publish results of observations made 
while at Plymouth, but his own output naturally decreased considerably. 
Thereafter his energies were transferred to the encouragement of his research 
students and the development of the Port Erin laboratory. 

Such time as he could himself find for research was spent chiefly on con- 
tinuation of his studies on Patella. Dr A. J. Southward writes on this: ‘As an 
outcome of his work on growth and breeding of marine animals he became 
» interested in the common limpet. At first obtaining information from the 
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settlement on a new wharf, and on test panels and cages, he soon turned 
to the normal rocky shore habitat, and was able to show, on circumstantial 
evidence, that the limpet, like many other Mollusca, underwent a sex-change. 
The increasing complexity of the limpet investigation and his transfer to 
Liverpool resulted in a temporary cessation of the work. However, before 
this he had made significant contributions to intertidal zonation, being the 
first to stress the importance of wetting versus desiccation and the role of 
sunlight and wave action in altering the upper limit of intertidal organisms. 

‘The establishment by Fischer-Piette, that the so-called varieties of Patella 
(one of which was unknown to Orton, and the other regarded as a habitat 
variety) were separated by apparently specific differences stimulated him 
to take up his limpet researches again at the end of the war. By examining 
large numbers of limpets from all over Britain, he was able in 1946, to con- 
firm his earlier work, and show that the sex-change was a widespread 
phenomenon. These results are more convincing than those obtained 
formerly, and while providing virtual proof of sex-change from male to female 
in a section of the male population, point also to the probable occurrence of 
two types of males in P. vulgata. Simultaneously with Fischer-Piette he showed 
that the species of Patella were indeed separate, since the breeding periods 
were different. Rapidly he built up a team of workers interested in various 
aspects of limpet biology and a vast amount of information was collected, 
including many observations on the importance of Patella in controlling the 
algal growth on the shore. Orton had always been interested in spawning 
stimuli, but even his vigorous experimental attack failed to show a definite 
cause of spawning in Patella. For one species, the evidence collated pointed to 
a combination of falling sea-temperature, neap tides, and wave-action 
(physical shock). He was beginning the writing up of this work, together with 
a report on pollution in the River Dee, when he had his first serious attack 
of coronary thrombosis in 1950. His recovery was slow, but though he was 
able to complete the pollution work, the limpet material had to be set aside 
for a while. However, he continued his observations at Plymouth and 
Trevone, and was also able to take part in a study of the distribution of 
animals and plants on the breakwater in relation to wave-action, a long- 
projected investigation. It was somehow typical of the man that he should 
be engaged on the revision of a paper on this shortly before he was taken 
seriously ill for the last time, and that he should have examined a sample 
of limpets only a few days before his death.’ 

Mr J. M. Dodd says of the limpet research: ‘In many ways this work 
typifies his methods and thoroughness better than any other. He succeeded 
in interesting many people in it and in getting their co-operation, but the 
ideas were his and most of the hard work was done by him. The work was 
undoubtedly bearing fruit at the time of his death. He was able to forecast 
spawning in Patella vulgata at St Andrews with great accuracy in October 
bOS28 

If these results should remain unpublished it will be a real loss to marine 
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biologists and it is much to be hoped that some means will be found, if 
possible, of getting his results together. 

During his last years Orton also studied sex phenomena in the salmon, 
and his research with J. W. Jones showed conclusively that the salmon parr 
matured before leaving the river for the sea and played their part in fertilizing 
the eggs on the redds. 

Apart from his development of marine research at Liverpool and Port Erin 
he also built up a school of fresh water biology and pollution research, and 
was largely concerned in the initial stages of planning the laboratory and 
work on Lake Bala. 

In reviewing Orton’s work in general the most remarkable feature is the 
number of biological lines of research in which he pioneered. He kept an 
interest in all these lines and throughout his life ensured their further develop- 
ment by arousing the interests of students. 

Orton had a very independent nature and his heart and soul were in the 
development of research. In the administrative realm he was at times too 
forthright and lacking in diplomacy, yet all who knew him felt his charm 
and enthusiasm when he turned to subjects of biology nearer to his heart. 

He had a great knowledge of marine animals and was essentially a field 
naturalist and recorder of facts. Indeed, his insistence on the introduction 
of as many possibly relevant data as he could into his published papers make 
them often difficult to read. Everything that he had recorded and which 
might eventually be found to have some bearing on the subject had to be 
included. This insistence led to the continual addition of more and more 
qualifications to manuscripts already completed, so that often they became 
the terror of the compositor! I anticipate, however, that in years to come 
people will turn more and more to his papers for records of environmental 
conditions existing during the years in which he worked. 

In his University work Orton was better at developing potential research 
students than routine teaching. Those most fitted for research careers were 
probably spotted by him at Easter courses where his demonstrating brought 
him into closer contact with individuals. 

All, and they are many, who have been fortunate enough to have had 
their lives influenced by such contact remember Orton with affection. 
His boyish spirits when once near the shore, whether at Plymouth, Port Erin, 
or the Mersey, were unforgettable, and his keen, eager face right up to near 
the end belied his age. He died on 2 February 1953. 

J. H. Orton was twice married, first in 1911 to Emma Teresa Ackroyd 
who died in 1941, and, secondly to Haidee Lodge in 1942 who survives him. 
He had one son by his first wife, Peter Darbishire Orton, M.A., A.R.C.M., 
who is assistant music master at Epsom College but has inherited his father’s 


love for natural history. 
F. S. RussELL 


210 


1909. 


1911. 


1912: 


NSA 


LOM. 


ROWS: 


LOWS: 


1913. 


1913. 


LOT: 
1914. 


1914, 


1914. 
LOU: 
1914. 
1914. 
WONGs 
1916. 
1920. 


1920. 
1920. 


1921. 


1921. 
1922. 
192.2% 
19227 
IY 


Obituary Notices 


BIBLIOGRAPHY 


On the occurrence of protandric hermaphroditism in the mollusc Crepidula fornicata. 
Proc. Roy. Soc. B, 81, 468. 

The feeding habits of Crepidula. Nature, Lond. 88, 213. 

An account of the natural history of the slipper-limpet, Crepidula fornicata, with 
some remarks on its occurrence on the oyster grounds on the Essex coast. 
G. Mar. Biol. Ass. 9, 437. } 

The mode of feeding of Crepidula, with an account of the current-producing 
mechanism in the mantle cavity, and some remarks on the mode of feeding in 
gastropods and lamellibranchs. 7. Mar. Biol. Ass. 9, 444. 

The occurrence of the Portuguese Man-of-War (Physalia) and of a giant spider-crab 
(Homola (Paramola) cuvieri) in the English Channel. Nature, Lond. 90, 700. 

An American enemy of the English oyster farmer. Trans. Plymouth Inst. and Devon 
and Cornwall Nat. Hist. Soc. 1912-13. 

The ciliary mechanisms on the gill and the mode of feeding in Amphioxus, ascidians, 
and Solenomya togata. F. Mar. Biol. Ass. 10, 19. 

The occurrence of the archiannelid, Protodrilus, on the South Coast of England. 
Nature, Lond. 91, 85. 

On the habitat of Protodrilus and the occurrence of the archiannelid, Saccoczrrus, 
on the South Coast of England. Nature, Lond. 91, 348. 

On some Plymouth Holothurians. 7. Mar. Biol. Ass. 10, 211. 

On the breeding habits of Echinus miliaris, with a note on the feeding habits of Patella 
vulgata. F. Mar. Biol. Ass. 10, 254. 

On ciliary mechanisms in Brachiopods and some Polychaetes, with a comparison 
of the ciliary mechanisms on the gills of Molluscs, Protochordata, Brachiopods, 
and Cryptocephalous Polychaetes, and an account of the endostyle of Crepidula 
and its allies. 7 Mar. Biol. Ass. 10, 283. 

Preliminary account of a contribution to an evaluation of the sea. 7. Mar. Biol. Ass. 
LOS 31s 

On a hermaphrodite specimen of Amphioxus with notes on experiments in rearing 
Amphioxus. F. Mar. Biol. Ass. 10, 506. 

On some habitats of a marine Amoeba. Nature, Lond. 92, 371. 

Some habitats of a marine Amoeba. Nature, Lond. 92, 606. 

On the extension of the distribution of the American slipper-limpet (Crepidula 
Jfornicata) in the English coastal waters. Proc. Malac. Soc. Lond. 11, 190. 

An account of the researches on races of herrings carried out by the Marine Biological 
Association at Plymouth, 1914-15. 7. Mar. Biol. Ass. 11, 71. 

Sea-temperature, breeding and distribution in marine animals. 7. Mar. Biol. Ass. 
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Sex-phenomena in the common limpet (Patella vulgata). Nature, Lond. 104, 373. 

Mode of feeding and sex-phenomena in the pea-crab (Pinnotheres pisum). Nature, 
Lond. 106, 533. 

The production of living Clavellina zooids in winter by experiment. Nature, Lond. 
107, 75. 

Sex-change in the native oyster (O. edulis). Nature, Lond. 107, 586. 

Is bisexuality in animals a function of motion? Nature, Lond. 108, 145. 

Sex-manifestations and motion in molluscs. Nature, Lond. 108, 303. 

An oyster spat (1921) with mature male sexual products. Nature, Lond. 108, 500. 

The blood-cells of the oyster (O. edulis). Nature, Lond. 109, 612. 
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Occurrence of a crystalline style in the American slipper-limpet (Crepidula fornicata) 
and its allies. Nature, Lond. 110, 149. 

The mode of feeding of the jelly-fish (Aurelia aurita) on the smaller organisms in the 
plankton. Nature, Lond. 110, 178. 

Phenomena and conditions of sex-change in the oyster (O. edulis) and Crepidula. 
Nature, Lond. 110, 212. 

On the occurrence of the archiannelids, Saccocirrus and Protodrilus on the South 
and West Coasts of England. Nature, Lond. 110, 574. 

The relationship between the common hermit-crab (E. bernhardus) and the anemone 
(S. parasitica). Nature, Lond. 110, 735. 

The hermit-crab (£. bernhardus) and the anemone (C. Sagartia parasitica). Nature, 
Lond. 110, 877. 

(With E. Worsnop.) The cause of chambering in oysters and other Lamellibranchs. 
Nature, Lond. 111, 14. 

Some experiments on rate of growth in a polar region (Spitzbergen) and in England. 
Nature, Lond. 111, 146. 

The so-called ‘Baccy-Juice’ in the waters over the Thames oyster beds. Nature, Lond. 
PEI A73 

The breeding period of Echinus miliaris. Nature, Lond. 111, 878. 

On the significance of rings on the shells of Cardium and other molluscs. Nature, 
Lond. 112, 10. 

On legislation on oil-pollution at sea. Letter to National Coast Anti-Pollution League. 
Transactions, Second Annual Meeting, National Coast Anti-Pollution League, Atlantic City, 
Na fay lL tows October; pp. 250: 

A possible cure for cancer. Nature, Lond. 112, 688. 

Some new commensals in the Plymouth district. Nature, Lond. 112, 861. 

Summary of an account of investigations into the cause or causes of the unusual 
mortality among oysters in English oyster beds during 1920 and 1921. Compiled 
from chemical reports by: (1) G. Stubbs; A. More and J. Nicholls, at the Govern- 
ment Laboratory. (2) O. L. Brady. Bacteriological reports by Professor J. Eyre. 
Biological investigations by J. H. Orton. J. Mar. Biol. Ass. 13, 1. 

An account of investigations into the cause or causes of the unusual mortality among 
oysters in English oyster beds during 1920 and 1921. By J. H. Orton (assisted in 
laboratory work by Edith Worsnop). Ministry of Agriculture and Fisheries of 
England and Wales. Part I. Report. Fisheries Investigations Series II, 6, No. 3, 1923. 
Part II. Appendices. Ditto. No. 4, 1924. 

(With W. H. Lewis.) A plea for continuous fundamental research on the problems of 
river pollution. Nature, Lond. 113, 236. 

A review of the evidence to date, and remarks, on the condition of the Fal Estuary 
oyster beds. In report of a Special Sub-Committee appointed by the Cornwall 
Sea-Fisheries Committee, 19 March. 

An experimental effect of light on the sponge (Oscarella). Nature, Lond. 113, 924. 

Experiments with oyster spat. Fish Tr. Gaz. 

Sex-change and breeding in the native oyster. Nature, Lond. 114, 191. 

On early sexual maturity in the molluscs, Syndosmya alba and Cardium fasciatum. 
Nature, Lond. 114, 244. 

English enemies of the American slipper-limpet (Crepidula fornicata). Nature, Lond. 
114, 312. 

On the efficiency of the Petersen grab. Nature, Lond. 115, 156. 

Summary of a report on a survey of the Fal Estuary oyster beds (November 1924), with notes 
on the biology of the oyster. Falmouth and Truro Corporation. 

(Assisted by D. BARTLEY STEVENSON.) Report on a survey of the Fal Estuary oyster beds 
(November 1924), with notes on the biology of the oyster. Falmouth: J.H. Lake & Co. Ltd, 
jon dee 
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The naturalist and research. Proc. Sthwest. Nat. Un. 

Possible effects on marine organisms of oil discharged at sea. Nature, Lond. 115, 910. 

The conditions for calcareous metabolism in oysters and other marine animals. 
Nature, Lond. 116, 13. 

The oyster beds in the Fal Estuary in November 1924, with notes on the biology 
of the oyster. Nature, Lond. 116, 486. 

The production of oysters (O. edulis) on English beds in relation to new observations 
on breeding phenomena. Nature, Lond. 116, 673. 

Food and fattening of oysters. Nature, Lond. 116, 919. 

Mullet as an enemy of the oyster. Nature, Lond. 117, 121. 

Is the American slipper-limpet (Crepidula fornicata) an oyster pest? Nature, Lond. 
117, 304. 

Can slipper-limpets be put on the market as food? Fish Tr. Gaz. 

On lunar periodicity in spawning of normally grown Falmouth oysters (O. edulis), 
in 1925, with a comparison of the spawning capacity of normally grown and 
dumpy oysters. 7. Mar. Biol. Ass. 14, 199. 

(With P. R. Awartt.) Modification by habitat in the Portuguese oyster, Ostrea 
(Gryphoea) angulata. F. Mar. Biol. Ass. 14, 227. 

Life in the bed of the sea. Nature, Lond. 117, 533. 

Can Portuguese oysters be produced on English beds by artificial fertilisation in the 
sea? Nature, Lond. 117, 857. 

On the rate of growth of Cardium edule. Part I: Experimental observations. 7. Mar. 
Biol. Ass. 14, 239. 

The comparative behaviour of native oysters (Ostrea edulis) and Portuguese oysters 
(Ostrea (Gryphoea) angulata) in certain lethal solutions of T.N.T. (Trinitrotoluene). 
J. Mar. Biol. Ass. 14, 281. 

A breeding ground of the nursehound (Scyliorhinus stellaris) in the Fal Estuary. Nature, 
Lond. 118, 732. 

Researches on sex-change in the European oyster. Nature, Lond. 119, 177. 

Summary of a report on a survey of the Fal Estuary oyster beds (November 1924), 
with notes on the biology of the oyster (O. edulis). (Assisted in outdoor work by 
D. Bartley Stevenson.) 7. Mar. Biol. Ass. 14, 615. 

On the mode of feeding of the hermit-crab, Eupagurus bernhardus, and some other 
Decapoda. 7. Mar. Biol. Ass. 14, 909. i 

Observations on the Fal Estuary oyster beds during 1926, including a study in 
over-fishing. 7. Mar. Biol. Ass. 14, 923. 

(With C. AmirTHALINGAM.) Notes on shell-depositions in oysters. With a note on the 
chemical composition of ‘chalky’ deposits in shells of O. edulis. By H. O. Bull. 
J. Mar. Biol. Ass. 14, 935. 

Observations and experiments on sex-change in the European oyster (O. edulis). 
Part I: The change from female to male. 7. Mar. Biol. Ass. 14, 967. 

A note on the physiology of sex and sex-determination. 7. Mar. Biol. Ass. 14, 1047. 

On incomplete spawning and the problem of fertilization in O. edulis. Nature, Lond. 
120, 403. 

The habits and economic importance of the rough whelk-tingle (Murex erinaceus). 
Nature, Lond. 120, 653. 

Manoilov’s blood-test for sex. Nature, Lond. 120, 768. 

The so-called viscid secretion on spawning oysters. ature, Lond. 120, 843. 

The dominant species of Ostrea. Nature, Lond. 121, 320. 

The trail of the germ-plasm. Nature, Lond. 121, 352. 

On rhythmic periods in shell-growth in O. edulis, with a note on fattening. J. Mar. 
Biol. Ass. 15, 365. 

On experimental growth in situ. Nature, Lond. 121, 576. 

Transplantation of the European oyster. Science, 67, 582. 
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Oysters and black sickness: an economic method of testing. Fish Tr. Gaz. 

The native oyster: intensity of spawning periods. Fish Tr. Gaz. 

Imperishable labels for preserved organisms. Nature, Lond. 122, 57. 

(With R. Wincxwortu.) The occurrence of the American oyster pest Urosalpinx 
cinerea (Say.) on English oyster beds. Nature, Lond. 122, 241. 

On co-ordinate biological research. Nature, Lond. 122, 311. 

The biology of shell-fish in relation to public health. 7. R. Sanit. Inst. 49, No. 5. 

Observations on Patella vulgata. Part I: Sex-phenomena, breeding and shell-growth. 
JF. Mar. Biol. Ass. 15, 851. 

Observations on Patella vulgata. Part II: Rate of growth of shell. 7 Mar. Biol. Ass. 
15, 863. 

Mortality among Fal oysters, 1924-26. 7. Cons. Int. Explor. Mer, 3, No. 3, 410. 

Reproduction and death in invertebrates and fishes. Nature, Lond. 123, 14. 

Oyster-cultivation and related researches in the British Isles. Mature, Lond. 123, 208. 

British oyster-fisheries. Nature, Lond. 123, 451. 

Observations on Patella vulgata. Part III: Habitat and habits. 7. Mar. Biol. Ass. 
16, 277. 

On the occurrence of Echinus esculentus on the foreshore in the British Isles. 7. Mar. 
Biol. Ass. 16, 289. 

Oysters and oyster-culture. Encyc. Brit. 14th edition. 

(With C. AmirTHALINGHAM.) The oyster-drills on English beds. Nature, Lond. 124, 298. 

Habitats and feeding habits of Ocinebra erinacea. Nature, Lond. 124, 370. 

Severe environmental mortality among Abra (Syndosmya) alba, Donax vittatus and other 
organisms off the Lancashire coast. Nature, Lond. 124, 911. 

Experiments in the sea on the growth-inhibitive and preservative value of poisonous 
paints and other substances. With some chemical analyses by the Government 
Chemist. 7. Mar. Biol. Ass. 16, 373. 

On the oyster drills in the Essex estuaries. Essex Nat. 22, 298. 

Essay-Review: the production of clean shell fish. 7. Con. Int. Explor. Mer, 3, 385. 

(With C. AmrrTHatincam.) Giant English oysters, O. edulis. Nature, Lond. 126, 309. 

(With J. H. Fraser.) Rate of growth of the common star-fish Astertas rubens. Nature, 
Lond. 126, 567. 

Transplantation of Portuguese oysters into South African waters. Nature, Lond. 
127, 485. 

(With R. M. Lewis.) On the effect of the severe winter of 1928-29 on the oyster 
drills (with a record of five years’ observations on sea-temperature on the oyster- 
beds) of the Blackwater Estuary. 7. Mar. Biol. Ass. 17, 301. 

(With C. AmirTHALINGAM.) Observations and experiments on sex-change in the 
European oyster (O. edulis). Part II. On the gonad of egg-spawning individuals. 
aMars Biol Asso 7,315. ~ 

(With H. B. Moore.) Occurrence of Protodrilus: flavocapitatus at Port Erin, Nature, 
Lond. 127, 780. 

The fundamental properties of anti-fouling paints. Trans. Inst. Mar. Engrs. 43, Nos. 
6 and 8, 276, 350. 

(With S. T. Burrietp.) Biological effects of cosmic and ‘y-radiation. Nan Lond. 
128, 376. 

Biology of death in the lower animals. (Abstract) Trans. Lpool Biol. Soc. 45, 1. 

Oysters in law. Nature, Lond. 129, 96. 

The cold spring of 1929 in the British Isles. Part III. Effect upon some marine 
animals on the oyster beds in the Thames Estuary. Acta Phaenol’s Grav. 1, 129. 

Experiments on wood preservation in the sea. Proc. Wood Pres. Ass. 2, 81. 

Studies on:the relation between organism and environment. Trans. Lpool Biol. Soc. 
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(With M. W. Parke & W. C. Smiru.) Breeding of oysters (O. edulis) at Port Erin. 
Nature, Lond. 131, 26. 

(With E. Forp.) The post-puerulus of Palinurus vulgaris Latr. Proc. Zool. Soc. Lond. 
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ee spatfall of the common mussel on the common cockle. Nature, Lond. 131, 513. 

Some limiting factors in the environment of the common limpet, P. vulgata. Nature, 
Lond. 131, 693. 

The proportion of sexes in the native oyster at the beginning of the breeding season. 
Fish Tr. Gaz. 

Observations and experiments on sex-change in the European oyster (O. edulis). 
Part III: On the fate of unspawned ova. Part IV: On the change from male to 
female. 7. Mar. Biol. Ass. 19, 1. 

Summer mortality of cockles on some Lancashire and Cheshire Dee beds in 1933. 
Nature, Lond. 132, 314. 

Observations on Arenicola marina. Nature, Lond. 132, 409. 

(With R. Rawutnson.) The floating barnacle on the North Cornish coast in the 
summer of 1933. Nature, Lond. 133, 418. 

Air-pockets in shore sands and winter packing of the sea-bottom. Nature, Lond. 133,835. 

Bionomical studies on Cardium edule with special reference to mortality in 1933. 
Johnstone Mem. Vol., 1934. 

Laws of shell-growth in English native oysters (O. edulis). Nature, Lond. 135, 340, 346. 

Biology of growth and breeding. Nature, Lond. 135, 509, 511. 

An unpremeditated experiment on the growth of cockles in the new marine lake 
at New Brighton. L. and W. Sea Fish. District Report of Supert. for Quarter ended 
31 March 1935. 

Zoology and medicine. Lancet. 

On the biological condition of relaid oysters, 1935. Econ. Proc. R. Dublin Soc. 2. 

Biology of shell-movements of the oyster. Science, 82, 105. 

Experimental regeneration in the sea of the hind body of Arenicola marina Linn. 
Ann. Mag. Nat. Hist. 16, 641. 

(With C. L. Smrrx.) Experiments with Amphitrite and its commensals. Ann. Mag. 
Nat. Hist. 16, 644. 

Experiments in the sea on rate of growth of some Crustacea Decapoda. 7. Mar. Biol. 
Ass. 20, 673. 

(With L. E. Buntine, A. Estick & J. W. Jones.) Rate of growth of Cardium edule. 
Nature, Lond. 137, 705. 

(With L. E. Buntine, A. Estick & J. W. Jones.) On the growth of cockles in the 
New Brighton marine lake. L. and W.S.F.C., Superintendent’s Quarterly Report for 
Quarter ended 31 March 1936. 

Periodicity in breeding in marine animals. Sci. 7. R. Coll. Sci. 6, 56. 

On the rate of growth of Sacculina carcini Thompson in Carcinus maenas (Pennant). 
Ann. Mag. Nat. Hist. 17, 617. 

Observations and experiments on sex-change in the European oyster, Ostrea edulis, L. 

_ Part V. A simultaneous study of spawning in 1927 in two distinct geographical 
localities. Mem. Mus. Hist. Nat. Belg. Ser. 2, fasc., No. 3, pp. 997-1056. 

(With H. Paynter.) The Lancashire Sea Fisheries. Brit. Assoc. Handb. p. 69. 

Habit and shell-shape in the Portuguese oyster, Ostrea angulata. Nature, Lond. 138, 466. 

(With J. M. Dopp, J. McLoy, H. C. Daviss & F. B. J. Epmonps.) Maturity and 
fecundity of one-year-old English native oysters (O. edulis). Nature, Lond. 139, 108. 

(With J. McLoy, J. M. Dopp, H. C. Davirs & F. B. J. Epmonps.) Cockle settlements 
and growth in the New Brighton marine lake. L. and W.S.F.C., Superintendent’s 
Quarterly Report for Quarter ended 31 March 1937. 

(With J. McLoy, J. M. Dopp, H. C. Davies & F. B. J. EpMonps.) Rate of growth 
of totally submerged Cardium edule. Nature, Lond. 139, 799. 
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Oyster biology and oyster culture. London: Edward Arnold & Co. 


Sex biology of the oyster and the salmon. Nature, Lond. 140, 68. 

The birth stimulus and the spawning stimulus. Lancet, p. 469. 

Some interrelations between bivalve spatfalls, hydrography and fisheries. Nature, 
Lond. 140, 505. 

Age of first sexual maturity of Carcinus maenas (Pennant) in the sea. Ann. Mag. Nat. 
Hist. 20, 286. 

Note on shrinkage of oyster tissues in Bouin’s fixative. 7. Roy. Soc. Soc. 57, 255. 

(With J. W. Jonzs & G. M. Kinc.) The male sexual stage in salmon parr (Salmo 
salar L, juv.). Proc. Roy. Soc. B, 125, 103. 

Artificial oyster production. Sci. Progr. 32, 764. 

Report (1) Investigations of the scales of Dee Salmon; (2) The invertebrate life 
and fish food of the Dee; (3) The occurrence of the mature sexual phase in salmon 
parr. River Dee Fishery Board. Annual Report of Board of Conservators for 1937, Appendix, 
pp. 26-27. 

(With J. W. Jones.) Life-history of the salmon (Salmo salar L.). Nature, Lond. 141, 1017. 

(With G. M. Kine & J. W. Jones.) Behaviour of mature male salmon parr (Salmo 
salar juv. L.). Nature, Lond. 143, 162. 

(With E. Lowe Prerce.) Sagitta as an indicator of water movements in the Irish 
Sea. Nature, Lond. 144, 784. 

Fluctuation in oyster production in the Fal Estuary. 7. Mar. Biol. Ass. 34, 331. 

Effect of the severe frost of the winter of 1939-40 on the fauna of the Essex oyster 
beds. Nature, Lond. 145, 708. 

(With J. W. Jones.) The paedogenetic male cycle in Salmo salar L. Proc. Roy. Soc. B, 
128, 485. 

Biology of young salmon (Salmo salar L.). Nature, Lond. 150, 21. 

Marine and other Biological Laboratories. Nature, Lond. 155, 550. 

Utilization of the slipper limpet (Crepidula fornicata) as food as an aid to the recovery 
of oyster-culture in the Thames Estuary. Nature, Lond. 156, 665. 

(With K. Woopwortu, H. G. KewAtramant & M. D. Motwani.) Artificial fertiliza- 
tion of cod at Port Erin. Nature, Lond. 157, 700. 

Biology of Patella in Great Britain. Nature, Lond. 158, 173. 

Survival of Oyster and other littoral populations. Nature, Lond. 158, 586. 

Recording gonad condition for comparison in local and geographical communities. 
Challenger Society Proceedings (2), 20, 11. 

Note on the feeding habit of Capulus ungaricus. A. Rep. Mar. Biol. Sta. Pt Erin, No. 61, 
pp. 29-30. 

Recent breeding phenomena in the American slipper-limpet, Crepzdula fornicata. 
Nature, Lond. 165, 433. 

(With A. H. Rocers.) The recent extension in the distribution of the American 
slipper limpet, Crepidula fornicata into Lyme Bay in the English Channel. Proc. 
Malac. Soc. Lond. 28, 168. 

Protandry with self-fertilization in the American slipper limpet, Crepidula fornicata. 
Nature, Lond. 169, 279. 

(With A. J. SournHwarp.) The effects of wave-action on the distribution and numbers 
of the commoner plants and animals living on the Plymouth breakwater. 7. Mar. 
Biol. Ass. 33, 1. 













Lp ii te 


eas ee et 









4 ro (‘eee ! a] 

y os es as wits 
’ im a) ea ’ Oar = 20 © 
~ i “ee 47 sd Ne ee A bg iy My ny he 
EE, Z ref lg pe Si Py | | home 





a x 
peer Sas BE eel 





PhS bawdy sxorear ages Yoel) eee Ne 





PS SF ee ee ee ee Oe ee Fn ee ae ee ne 
| Len One. Oop Pk Gea meno, eae ee tem Canara), % 4 





——- 


win aan 








LEWIS FRY RICHARDSON 
1881-1953 


Lewis Fry Ricuarpson, D.Sc., F.R.S., who died quietly in his sleep, at 
Kilmun, Argyll, on 30 September 1953, had been a Fellow of the Society for 
27 years and had contributed many papers to the Transactions and Proceedings. 

Richardson, born at Newcastle on Tyne on 11 October 1881, was the 
youngest child of David and Catherine Richardson who had a family of five 
boys and two girls. David Richardson was a tanner: the Richardsons had, in 
fact, been tanners for three hundred years. The-story of the family is given in 
a book by A. O. Boyce, published in 1889 Records of a Quaker Family; the 
Richardsons of Cleveland. Contemporary relatives of note were John Wigham 
Richardson, shipbuilder, a first cousin of David, and Henry Richardson 
Procter, F.R.S., Professor of ‘Tanning at Leeds, a second cousin once removed 
(a third cousin of Lewis). Hugh Richardson, educationist and geographer, 
was Lewis’s elder brother; Sir Ralph Richardson, actor, his nephew. 

David Richardson’s mother, Sarah (née Balkwill) was the daughter of a 
pharmaceutical chemist in Plymouth and in her youth she got the nick-name 
‘Sal volatile’ because she was gay. (As his father and grandfather both went 
south for their wives, it is, perhaps, not to be wondered at that Lewis did 
the same.) 

Catherine Richardson (née Fry) came of a family of corn merchants in 
Devon. She was a second cousin of David, their common great-grand- 
parents being Joseph and Susanna (née Browne) Hancock. 

‘My father’, records Richardson, ‘was affectionate and constructive. His 
arguments were confused. My mother, on the contrary, was unemotional, 
clear-minded, and critical. I seem to have a bit of both.’ He adds, to a 
paragraph about relatives and ancestors, two of his characteristic critical 
comments, ‘It is difficult to say who were noteworthy as some of the best 
work passes unpraised.’ ‘Galton’s method of studying heredity by searching in 
biographies does not properly distinguish between social tradition and 
biological transmission.’ 

Richardson married, on 9 January 1909, Dorothy, younger daughter of 
William Garnett, M.A., D.C.L., who had been Clerk Maxwell’s demon- 
strator at the Cavendish Laboratory and was then Educational Adviser to the 
London County Council; Garnett College was (in 1953) named after him. 
He had three sons, all achieving distinction at Cambridge both in the 
triposes and on the river. The two younger, Stuart and Kenneth, were killed 
in the first world war. The eldest, J. C. Maxwell Garnett is best known for 
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his work in organizing the League of Nations Union and as Principal of 
the Manchester College of Technology. 

To their deep disappointment, Lewis and Dorothy Richardson had no 
offspring. They therefore adopted, in succession, two sons and a daughter: 
Olaf K. M. Richardson, who became a motor engineer; Stephen A. Richard- 
son who, after eight years in merchant ships becoming Chief Officer and 
obtaining his master mariner’s certificate, went to Harvard and studied 
psychology and human relations prior to taking an appointment on the staff 
of Cornell University; Elaine D. Richardson who, after studying dramatic 
art, married, in 1950, a meteorological officer, M. F. Traylen. All three made 
~ good and formed a real family, united in affection, respect and esteem for 
their head. I mention this primarily as illustrating Richardson’s determina- 
tion to make the fullest contribution within his power to the Good Life of 
mankind and incidentally as an indication of the effect of environment on 
development. 

After a period at Newcastle Preparatory School, where his chief 
enjoyment was Euclid ‘as taught by Mr Wilkinson’, Richardson entered 
Bootham School, York in 1894. There he came under the influence of J. 
Edmund Clark who for many years prepared the annual Phenological Report 
of the Royal Meteorological Society. ‘Clark gave us glimpses of the marvels 
of science.’ His successor, Richardson’s eighteen year older brother Hugh 
‘taught us how to observe and describe, while he supplied us with very little 
information (the Heuristic Method of Armstrong).’ ‘Another master A. Neave 
Brayshaw (who later wroteahistory of Quakerism) left me with the conviction 
that science ought to be subordinate to morals.’ 

In 1898 Richardson left Bootham, with a Natural History Exhibition and a 
Leaving Scholarship and spent two years at the Durham College of Science 
(Newcastle) ‘acquiring information and techniques’ in mathematics, physics, 
chemistry, botany and zoology. He was second in the examination, ‘Nora 
Aldis being first.’ He observes, ‘the social and ethical discipline of Bootham 
Schools was lacking.’ 

In 1900 he entered King’s College, Cambridge as a Minor Scholar (resign- 
ing the emolument at the end of his second year). There he ‘continued to 
acquire information and skill from more brilliant teachers, notably in physics, 
from Professor J. J. Thomson and Dr G. F. C. Searle’. He took the Natural 
Science Tripos Part I in 1903 and got a ‘First’. His formal education then 
ended but twenty years later he studied psychology as an external student of 
University College, London, and took the London Special B.Sc. examination 
in psychology, with second-class honours in 1929 (three years after he had 
been given the London D.Sc. in physics on his published researches). 

It may be convenient, before giving an account of his work, to mention 
here in historical sequence the different appointments which Richardson 
held. 

1903-4. Student Assistant at the National Physical Laboratory (Metal- 

lurgy Department). 


Lewis Fry Richardson 219 


1905-6. Junior Demonstrator in Physics, University College, Aberyst- 
wyth. 

1906-7. Chemist to National Peat Industries Ltd, ‘whose managing 
director stole a large sum and fled abroad’. 

1907-9. Assistant at the National Physical Laboratory (Metrology 
Department). 

1909-12. In charge of the chemical and physical laboratory of the Sun- 
beam Lamp Co., Gateshead (where he organized a troop of 


scouts). 

1912-13. Demonstrator and Lecturer in Physics, Manchester College of 
Technology. 

1913-16. Meteorological Office, Superintendent of Eskdalemuir Observa- 
tory. 


1916-19. In the Friends’ Ambulance Unit in a motor convoy (S.S.A.13) 

attached to the 16th French Infantry Division. 

1919-20. Meteorological Office, nominally in charge of experiments 

in the computation of the sequence of weather by numerical 
processes. He worked at Benson, Oxfordshire, where W. H. 
Dines was in charge of ‘Upper Air Investigation’. (Richardson 
revived the village troop of scouts.) 

1920-29. In charge of the physics department at Westminster Training 

College. 

1929-40. Principal of Paisley Technical College and School of Art. 

1940-53. Retired to do research on wars. Research also in eddy-diffusion. 

He was one of the two honorary secretaries of the Royal Meteorological 
Society 1921-4, member of the International Commission for the Investiga- 
tion of the Upper Air 1921-30, member of the National Committee for 
Geodesy and Geophysics 1923-33, Fellow of the Royal Meteorological 
Society, the Physical Society, the Institute of Physics and the British Psycho- 
logical Society. 

Richardson’s work may be regarded as falling, broadly, into four main 
divisions, (i) his development of the application of the method of finite 
differences to the solution of physical problems, including the major problem 
of meteorology viz., the computation of the physical state of the atmosphere 
for an epoch finitely subsequent to that for which the state is known by 
observation. (ii) His contribution to our knowledge of diffusion, especially 
to eddy-diffusion in the atmosphere. (iii) His development of the application 
of mathematics to the study of the relations between nations, especially to 
elucidate the effects, in combination, among a number of nations, of arma- 
ments, trade, communications, rivalry and grievances on the stability of the 
regime. (iv) His educational work at Westminster and Paisley. 

As chemist to National Peat Industries, Richardson became so interested in 
the flow of water in peat that he made it the subject of a dissertation for 
a Fellowship at. King’s. He only just failed to be elected in the face of stiff 
* competition. One is inclined to speculate on the course of his life if the 
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managing director of the peat company had not defalcated—would Richard- 
son perhaps have put Britain in the forefront of hydrological research ? What 
actually happened was, that, having been brought face to face with the 
practical necessity of solving problems involving differential equations which 
were not formally soluble, he was led to study approximate methods. This 
resulted in his first major paper ‘The approximate arithmetical solution by 
finite differences of physical problems involving differential equations.’ The 
method depends for its success on the assumption that, if finite differences are 
‘centred’, not only do the differential co-efficients of the function concerned 
involve only even powers of the difference-step, 4, but so does the error of the 
approximate solution—or, in other words, the difference between the 
approximate solution and the exact solution involves only even powers of h. 
Thus if approximate solutions ¢, and ¢, are found for two sizes of the step, h, 
and hf, and the values of h, and hf, are small enough for the terms in h* and 
higher powers to be negligible, then a closer approximation, /, is given by 


_ h3d, — hide 


i 
Richardson showed how the method could be applied to obtain approxi- 
2 2 
mate solutions of equations of the type - aE ° =0 with given 


boundary conditions, the ‘boundary’ being the limit either of space or of 
time of the space-time continuum in which the equation holds. He distin- 
guished between two types of problem which he called ‘jury’ and ‘marching’ 
problems according to the character of the boundary conditions. A ‘jury’ 
problem is one ‘in which the integral must be determined with reference to 
the boundary as a whole’. A ‘marching’ problem is one ‘in which the integral 
can be stepped out from a part of the boundary’. If there is only one indepen- 
dent variable, x, and the boundary condition is specified, (a) at both ends of 
the range of x, the problem is ‘jury’, (b) at only one end of the range of x, the 
problem is ‘marching’. The example of stresses in a masonry dam, treated in 
this first paper is a ‘jury’ problem. The problem of weather prediction is 
a ‘marching’ problem. 

J. A. Gaunt, stimulated by Richardson, showed that the initial step must be 
taken according to one of two fixed rules according to the initial boundary 
conditions. Only in this case does the formula for f fully apply. In fact the 
formula may give a result worse than either ¢,, or dg. It does, for example, in 
Richardson and Gaunt’s simple case of finding the value of y for x = 1 which 
satisfies the equation dy/dx = —y with the boundary condition » = 1 when 
x = 0 and 0-1, 0-2 as values of h,, A, if the initial values adopted are both 
greater or both less by the same amount, c, than the initial values 0-90551, 
0-81820 which would give zero errors for $,, 6. at x = 1. The errors of 4,, $5 
will be —1-17c, 1-51¢ and f, from the formula, will have an error —2-06c. 
The formula gives a value with a negligible error only if the initial value 
for h, minus 081820 is 3-1 times 0-90551 minus the initial value for h,. The 
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initial values given by Gaunt’s formulae, 0-90499, 0-81980 do satisfy this 
condition; and they give, for x = 0-2, 0-4 etc., values of f correct to five 
significant figures, whereas initial values which give zero error at x = 1, give 
oscillating errors 0-00040, —0-00049, 0-00019, —0-00106. Even if the initial 
‘guess’ does not satisfy the strict conditions necessary to secure the full 
improvement in accuracy, the method gives very small errors with reasonably 
small h; and it was a great achievement to introduce this procedure for deal- 
ing with practical problems of physics and engineering and securing a degree 
of accuracy far surpassing that previously obtainable. 

Richardson returned in later years to this problem of approximate solution 
of partial differential equations. In 1950 he showed how the results of what 
he called the ‘purification method for computing the latent columns of 
numerical matrices’ could be utilized in the solution of equations such as 

2 2 2 2 
Lae gan oe = dP with P = Oat the boundary and ee ae ons =0with P given 
ox oy ox" oy 
at every point of the boundary. 

Richardson regarded his early work in this field of application of finite 
differences, where he had used a closely similar purification method, as the 
progenitor of many later developments, including that of ‘relaxation’. In this 
1950 paper he comments ‘I suppose—though this may be controversial—that 
“relaxation”’ is sufficiently alike to “‘purification” for the choice of purifiers 
to have some relevance to relaxation.’ He was, I believe, pleased by the 
reference to his ‘useful simple method’ as one appropriate for use by workers 
in the field of differential equations who ‘may wish to obtain more accurate 
solutions than the simple relaxation process can provide without becoming 
involved in finite difference theory’ in L. Fox’s 1950 paper on The numerical 
solution of elliptic differential equations when the boundary conditions involve a 
derivative; and by the inclusion of an application of his method to a ‘jury’ 
problem, the solution of d*y/dx” + 1/x.dy/dx + _y = 0 with boundary values 
specified at both ends of the range of x; approximate values were obtained to 
eight significant figures, the maximum error being 20 in the last two figures. 

In 1913 Richardson was appointed Superintendent of the Meteorological 
and Magnetic Observatory at Eskdalemuir, an isolated place in Dumfries- 
shire intentionally far from any railway, 800 feet above sea-level with an 
average annual rainfall over 1400 millimetres. (The Observatory had been 
planned and built as a magnetic observatory under the National Physical 
Laboratory when electric traction rendered Kew unsuitable. As the National 
Physical Laboratory was, naturally, not used to running observatories and the 
Meteorological Office, naturally and actually was, the appropriate transfer 
to the latter was effected in 1910, with mutual goodwill and the approval 
of the Royal Society, which at that time controlled the National Physical 
Laboratory both scientifically and financially, and with the approval also of 
the Treasury which provided £1000 per annum to augment the income from 

“he Gassiot Fund, for maintaining magnetic observations.) In 1914, after the 
15 
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outbreak of war, Richardson asked to be released, but the Annual Report 
of the Meteorological Committee for the year ended 31 March 1915, records 
‘after careful consideration the Committee felt themselves unable to grant 
facilities for which application was made by Lewis F. Richardson of the 
Observatory at Eskdalemuir, to join an Ambulance Corps’. He, himself, 
records, ‘In August 1914 I was torn between an intense curiosity to see war 
‘at close quarters, an intense objection to killing people, both mixed with ideas 
of public duty, and doubt as to whether I could endure danger. After much 
difficulty I extricated myself from Eskdalemuir Observatory in May 1916 
and joined the Friends’ Ambulance Unit. In September 1916 I was attached 
to a motor ambulance convoy lent to the French army. We carried the 
wounded and sick of the 16-ieme division of infantry.’ It was during this 
period, first in 1913-1916 in the bleak and humid solitude of Eskdalemuir 
and then in 1916-1919 in the solemn interludes of his ambulance work with 
the French army in France, conscious of the power of his new method of 
solving intractable equations that he developed the idea, ‘which first took 
shape in 1911’, of constructing ‘a scheme of weather prediction which 
resembles the process by which the Nautical Almanac is produced, in so far 
as it is founded upon the differential equations and not upon the partial 
recurrence of phenomena in their ensemble’. It would have been quite easy 
for anyone to outline a scheme. Richardson’s achievement was first to set out 
the dynamics and thermodynamics of the atmosphere—to make, in fact, the 
first text-book of dynamical meteorology—in the light of the, then recently 
acquired, knowledge of the upper air and of the roles of radiation and of eddy 
diffusion and to show how the resulting equations could be solved with a 
degree of accuracy at least as close as the accuracy with which the actual 
physical state of the atmosphere could be practically determined. The result was 
published in 1922 in his, now classical, book Weather prediction by numerical process. 

He worked out, with meticulous care, the changes in six hours from 
4h to 10h G.M.T. on 20 May 1910 deducible from an initial distribution for 
7h G.M.T. on that day as given by V. Bjerknes in his Dynamical meteorology 
and hydrography. The method of computation involved the division of the 
atmosphere into horizontal layers of a thickness approximately 200 millibars 
and the layers into ‘squares’ whose sides were 200 km on the east and west 
and 3 degrees of longitude, just over 200 km in latitude 50°, on the north and 
south. The boundaries of the layers were the earth’s surface and parallel 
surfaces at heights 2-0, 4-2, 7-2, 11-8 km. For convenience the squares were 
regarded as coloured alternately, like a chess-board, but red and white. 
The initial values of the components of momentum were tabulated for the 
centres of the white squares and the initial values of pressure, temperature and 
humidity at the centres of the red squares. The changes in the period of 
6 hours, 4h to 10h, were then computed for each layer for two of the squares 
over central Germany, a white one for the momentum, and the red one 
immediately south of it for pressure, temperature and humidity—or water 
content of the layer. 
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The results of the computation were strikingly at variance with the 
observed facts. The most glaring error was in the computed change of 
pressure—a rise of 145 millibars in 6 hours, whereas in fact there was practi- 
cally no change. This error was attributed mainly to a large spurious conver- 
gence of the initial winds. (In fact there was no possibility of obtaining 
observations of wind at different altitudes sufficiently accurate to eliminate 
this source of error until the development of radar methods after the second 
world war produced a dramatic increase of accuracy, which may now be 
good enough to make acurate computation practicable.) 

Richardson realized that the scheme to be practical must satisfy the 
conditions, (a) that the computations could be completed quickly enough 
for the results to be ready and distributed well in advance of the time to 
which they referred, (b) that the additional cost of the observations and 
computing was less than the saving to mankind dueto the information gained. 
Condition (5) includes implicitly the third condition (c) that the results must 
be more accurate than the predictions founded upon the combination of 
limited theory and the principle that atmospheric processes are broadly 
repetitive. As to (a), Richardson, assuming that an average computer might 
go perhaps ten times faster than he himself had done in France ‘on a heap of 
hay in a cold wet rest billet’, allowing for 1200 of the 3200 squares covering 
the globe to be squares where the weather is foreknown without computation 
and assuming that the observations from the 2000 squares were available in 
the computing room within a few minutes of the time at which they were 
made, estimated that it would need 64000 computers to complete the calcula- 
tion of the new distribution for the whole globe just before the time to which 
it referred. 

As to (b) he estimated the value of the food production of the world as at 
least £1000000000, ‘so that a very tiny fractional saving would correspond 
to a large sum’. It is now many times greater and his comment is appropriate 
although the present cost of 2000 stations of which roughly half would be 
ship stations, would be of the order of £200000000 per annum. 

As to (c) one of the compensating merits of Richardson’s work was that 
it proved conclusively that the condition could not be fulfilled with the 
then existing means of observation and computation. It remains to be seen if 
the radical change due to radar and electronic computers will enable this 
condition to be satisfied. 

After his return from France in 1919 Richardson worked again in the 
Meteorological Office, this time at Benson with W. H. Dines. There he 
devised a method of measuring the wind at different levels by its differential 
effect on steel spheres shot nearly vertically upwards so that when they 
returned to earth the point of impact could be noted. The steel balls varied 
in size from a pea to a cherry. At that time the only methods of measuring 
the wind in cloud were a very expensive and complicated one, originated 
by the French Military Meteorological Service, of sound-ranging on the 

“successive explosions of charges carried by an ascending free balloon and the 
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method, also expensive and applicable only to meteorologically low heights, 
of measurements made on a tethered kite-balloon; while for the wind above 
cloud there was the additional, but also expensive, method of flying an 
aeroplane at a measured air-speed through a line of smoke puffs produced 
by bursting shells fired at short intervals from a gun at a fixed elevation. All 
these methods had been used in the war, but apart from the matter of 
expense, safety considerations ruled out the first and third for normal peace- 
time use. Richardson’s method involved complicated calculations but its cost 
per observation was of a much lower order of magnitude. It was, however, 
never brought into general use, mainly because with balls of a non-lethal size 
and muzzle velocities below the speed of sound (the latter condition necessary 
for the application of the theory) the height reached was not great enough to 
satisfy the synoptic meteorologist but partly also because Richardson left 
the Meteorological Office when it was transferred to the Air Ministry. He has 
recorded that he experienced ‘a doubt so intense as to be distressing’ in 1920 
when he had to decide whether to leave the Meteorological Office. The 
doubt is not surprising, for during this period his mind had been very active 
both in devising inexpensive methods of measuring wind and temperature 
at different levels in the atmosphere and in the problem of atmospheric 
eddies or turbulence; and these activities seemed in no way to conflict with 
his ‘intense objection to killing people’. 

In 1919/1920 he published three important papers on turbulence. G. I. 
Taylor had used the letter X to represent ‘the power possessed by the atmo- 
sphere in virtue of its turbulence of transmitting heat and momentum’ and 
had given the names ‘eddy conductivity’ and “eddy viscosity’ to the quantities 
k = Kpo and up = Kp where p is density and o specific heat. The value of £ is 
not necessarily the same for heat as for momentum although Taylor had 
adduced evidence supporting the assumption of equality. Richardson 
introduced the name ‘eddy diffusivity’ for K and this has been generally 
adopted. He suggested, however, that a new quantity € for which he invented 
a new word ‘turbulivity’, was a better measure of turbulence than K. The 


2 
turbulivity is defined by the equation aa (é ox) see nox 
dp dp de dz" 
where x is either potential temperature or mass of water or smoke per mass of 
atmosphere. He based his preference for € on the ground that it ‘enables one 
to allow for the variations of density and turbulence in a simple and natural 
manner’. But ‘turbulivity’ has not been much used, and ‘eddy conductivity’ 
which he defined as €/g”p, or Kp if there are no variations with height (analo- 
gous for the transfer of heat or smoke to ‘eddy viscosity’ for the transfer of 
velocity) is not often used. There are indeed in the literature of turbulence 
three meanings of ‘eddy conductivity’ viz. Kpo, Kp and K,, the last being the 
value of & for heat transfer. 
Richardson showed that the values of K derived from observations of the 
spread of smoke and thistle- and dandelion-down across different types of 
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land surface, ofsteamersmoke at seaand of the growth of cumulus cloud varied 
from 5 cm?/s to 10° cm?/s, much more widely than had previously been 
supposed, a fact which stimulated him later to apply a new method to the 
problem of turbulence. The outstanding result of his 1920 paper was his 
theoretical deduction of a criterion for the increase or decrease of turbulence 
in the atmosphere. The criterion depends only on the lapse-rate of tempera- 
ture, the change of wind with height and the eddy conductivity, (c) and eddy 
VISCOSItY My, My. The basis of the criterion may be put this way. Parcels 
of air, moving upwards and downwards in the atmosphere, cool or warm 
adiabatically, if the equalizing effect of radiation is negligible. If the lapse- 
rate in the atmosphere is less than the adiabatic lapse-rate the parcels of air 
can move up or down only at the expense of some of the energy of motion 
(which they already possess if they are eddying parcels). If the wind changes 
with height, this will, on the whole, give the eddying parcels additional spin 
and so add to their energy of motion. Turbulence will increase if the energy 
gained exceeds that lost. Richardson’s criterion expresses in convenient form 
the ratio of loss to gain. The expression is now known as the ‘Richardson 
number’ and is denoted by Ri. It ranks as a fundamental dimensionless 
parameter in problems of the turbulent motion of the atmosphere. The full 
form of the expression is . 


Ri = cg (2T/8z — 2T/8z,) / [ oe (2) 2h eae 
a oa dz ‘ya ‘yz 
where TJ is temperature, z is height, )7/dz, is the adiabatic value and 
0, v, the mean components of horizontal velocity. The expression is usually 
simplified by assuming c = ,,= 4, and is sometimes further, erroneously, 
simplified by substituting (dV/5z)? for (d8, ¥z)? + (do, /dz)® where 
V2 = "+ ov", 

The condition for an increase of turbulence is Rz < 1. 

Richardson realized that certain changes omitted as negligible (in com- 
parison with the two principal changes), in particular the change due to 
molecular viscosity, might not always be negligible and it is now known that 
in certain conditions they are substantial. On the whole they tend to diminish 
the limiting value of the ratio, i.e. to replace 1 by 1 —q on the right of the 
inequality, g being a positive quantity. He also mentioned in 1952 that the 
use of (V/dz)? could result in a value for Ri double the correct value. 

Richardson was led, through his observations, to stress the importance of 
the scattering of particles in the study of turbulence and in 1926 he con- 
tributed to the Proceedings a strikingly original paper, ‘Atmospheric diffusion’, 
treated from this aspect. He began, characteristically, by a gentle criticism 
of the application to the atmosphere of the eddy-diffusion equation of 
Fickian type, * = - (12%) on the ground that the ‘constant’, K, varied 

x 
over very wide limits—a million times greater for the eddies of cyclonic 
» size than for those in the wind. He pointed out that the rate of diffusion 


226 Obituary Notices 


—or separation of particles—increased with the distance between them. 
Briefly he says that if the position of an element of atmosphere is specified 
by reference to axes with a fixed origin, there is no limit to the mean value, 
taken over a large number of elements, of (x — x)? + (yy)? + (z-z)*. The 
quantity goes on increasing with time until cyclonic magnitudes are reached. 
But if the position of an element, 1, is specified by reference to another 
element, 2 (its neighbour), the mean of (x, — %2 — *, — x»)" plus similar 
terms in y and z reaches a definite limit independent of time, provided the 
time is neither too large nor too small. Consequently a more hopeful method 
of attacking the problem of diffusion by turbulence would be to use the 
distance between neighbours as the space variable and q, a function of the 
concentration as the dependent variable. If the concentration at a point 


+00 
xis v(x, #) and ata point x + lisy,(x,1,t)q = ile (x,t) 94s Ltd 
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where W is the whole number of marked particles or elements. This quantity 
q has also been described as the probability of finding particles with separa- 
tion / at time 7. 

Using | as the distance apart of neighbours, Richardson arrives at the 


following genera! equation of diffusion f =e , ( F(2) a 


2 2 
and shows that if 2” = Kone then 2% — eee 
at ox ot oP 

He then takes the values of K derived from observations of different scales 
of turbulence, estimates the corresponding values of J and finds K = 0-2 /*”. 
This was initially taken to warrant a value 0-4 /*/? for F(/) but the final 
conclusion was that F(/) could be represented with reasonably close approxi- 
mation by 0-6 /* for values of 1 between 1 metre and 10 km. In his last 
paper in 1952 he stated that the corrected average value of the constant 
should have been 0-5 and not 0:6. As a result of these investigations, 
Richardson tried to find some modification of Fick’s equation which would 
fit the facts but came to the conclusion ‘that no differential equation in which 
position and time are the independent variables and mass of diffusing sub- 
stance per unit length is the dependent variable, can describe horizontal 
atmospheric diffusion.’ ‘This seemed contrary to established results on vertical 
diffusion and in a subsequent note he resolved the dilemma by differentiating 
between the law of diffusion of a spreading cluster and the law applicable to 
the mean of many occasions taken at random or to the mean of wind 
components reckoned from the isobars as zero azimuth or the mean over a 
definite region for definite time. For the three latter a differential equation 
is appropriate: for the former neither the customary equation nor any 
generalization of it applies. 

It is not a little surprising that the value of the exponent of [*/*, deduced 
by Richardson from what might seem an inadequate collection of observa- 
tions should be identical with that derived theoretically over 20 years later 
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from reasoned hypotheses regarding the nature of the transfer of energy from 
large to smaller eddies in the atmosphere. He, himself, remarked relevant 
to this agreement ‘the atmospheric observations could have been fitted 
passably by any index between 1-2 and 1:4. The 4/3 was chosen partly as a 
rough mean and partly because it simplified some integral.’ The constant, 
Q-5 in the atmosphere, is sixteen times less on the sea, the latter determined 
from observations of articles floating on the sea-surface which give results 
fitting the same 4/3 law. The ratio of the constants is about the same as the 
ratio of the viscosity of air to that of water. 

His last, 1952, paper on this subject disposed first of an objection to his 
deduction that the function v is uniquely determined by g if the cluster is 
symmetrical, v(x) = v(—x) and then to develop further the theory of the 
diffusion both of symmetrical and of skew clusters, and finally to specify 
two sets of experiments which if made on the surface of the sea, would 
determine two separate average values of the coefficient of F(/). If the two 
values agree it would be evidence that the diffusion equation applies to skew 
as well as to symmetrical clusters. 

The third main division of Richardson’s work is described in a monograph 
Generalized foreign politics; it is, broadly, the application of mathematics to the 
relation between the various elements which determine ‘what people 
would do if they did not stop to think’—to describe ‘what would occur if 
instinct and tradition were allowed to act uncontrolled’. He begins by out- 
lining the motives ‘which lead a nation in time of peace to increase or 
decrease its preparations for war e.g. revenge or dissatisfaction with treaties, 
fear, rivalry, the tendency to economize expenditure’ ‘What the result of all 
these motives may be is not at all evident when they are stated in words. It is 
here that mathematics can give powerful aid.’ 

He then takes the case of two nations, one of which considers it must 
take steps to increase its defences because of the menace of the other. This 
can be formulated dx/dt = ky where x represents defences and y menaces. 
And for the other nation dy/dt = kx. 

If this were all, the system would be unstable since the solution of the 
equations includes a term Ae”. But if account is taken of the restraining 
effect of the cost of x and y and the opposite effect of ‘grievances’ the equa- 
tions become dx/dt = ky —a x + g, dy/dt = kx — By +h 
Unilateral disarmament corresponds to putting y = 0. The equations show 
that y will not remain zero and though x may decrease at first it will in- 
crease again later as _y increases again. 

He deduces, from the idea of a negative x suggested by ‘the generalizing 
spirit of mathematics’, that the opposite of war is not peace but an activity, 
‘co-operation’, of which the most extensive form is foreign trade. Peace, ‘in 
the sense of a mere tranquil inattention to the doings of foreigners resembles 
zero rather than a negative quantity’. 

Deductions drawn from the two equations include the following. If the two 
“nations have no grievances but, on the contrary, are both so satisfied that 
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g, h have negative values —2, —3, nevertheless if k, / each have the value +2 
and a, 8 the value +1 the regime will be unstable. Conversely, if both 
nations have strong grievances, g, h being +2, +3 while k, / are each + l 
and a, B=2 the regime will be stable. 

He goes on to consider the representation of defence budgets and trade, 
and diagrams of comparative statistics for seven leading nations, from 
1924 to 1938-9 and then the case of three nations and finally that of 2 nations. 
He illustrates his deductions with characteristic observations, often lightly 
illuminating the italicized general law, e.g. ‘If each of the three patrs of nations 
be separately stable there remains the possibility that the triplet of nations may be 
unstable.’ Comment: ‘those who observe dogs tell me that dogs which will play 
peaceably in all possible pairs, may yet quarrel when three are present 
together.’ He refines the harsh conclusion, drawn from a consideration of the 
effect of improved communications between n equal nations that ‘if «, (the 
defence co-efficient between closest neighbours) remains the same while 
aviation increases, the formulae show that A, (the greatest of the values of A in 
terms in the value of x involving e) would increase; so that increase of 
aviation would tend to more instability or less stability or a change from 
stability to instability’, by the comment, ‘Is it not more likely that aerial 
contact with distant nations somewhat distracts attention from closest 
neighbours and thereby decreases «’. He afterwards suggests for the mathe- 
maticians the unsolved ‘problem of imperfect communications between n 
unequal nations’. He himself had arrived at the surprising conclusion that if 
the total of the defence coefficients of n nations was fixed, the regime would be 
least stable when the z nations were all equal. 

Applying his results in 1938 to the statistics up to 1937 of the nine leading 
nations, he concludes that A has the value 0-4 approximately, with the 
year as the unit of time and that the world was then unstable; but that 
after the war, or peaceful re-arrangement, to which instability would lead, 
‘on the average over the peaceful part of a long period such as a century 
during which aviation is increasing, the world may be expected to be just 
stable’. 

A final chapter he devotes to questions from a critic and answers by the 
author in which the humour is not all in the questions nor the seriousness all 
in the answers. Two quotations are illustrative. Critic: A serious objection to 
your description is that it does not mention intelligent aggression planned by 
a leader as moves in a game of chess. Author: That is admitted; for a descrip- 
tion of predictable tendencies cannot include anything so unpredictable as 
moves in a game of chess. Yet the acts of a leader are in part controlled 
by the great instinctive and traditional tendencies which are formulated in 
my description. It is somewhat as if the chessmen were connected by hori- 
zontal springs to heavy weights beyond the chessboard. . . Critic: So when 
grievances are negative and there are no threats, I suppose that everybody will 
do just as they please and the roast pigs will run about crying ‘eat me’. 
Author: It pleases you to jest; but of course we both know that in a united 
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world organization there will always be the need for compromise, discipline, 
law and police. : 

Richardson returned after his retirement to the study of this problem 
and revised and amplified the monograph to form a book Arms and insecurity. 
He also wrote and published many articles and papers with the same object 
of elucidating the effect of the different factors and with the hope of thereby 
contributing to the avoidance of war. The major work remained a micro- 
film. As Richardson said, ‘It is still difficult, in 1953, to publish work on that 
subject. There are many anti-war societies, but they are concerned with 
propaganda, not research. There is a wide public interest in the subject 
provided it is expressed in bold rhetoric, but not if it is a quantitative scientific 
study involving statistics and mathematics. There is no appropriate learned 
society.’ 

The fourth main division was his educational work, in the early years for 
two brief periods, as a demonstrator in physics at Aberystwyth, 1905-6, and 
as demonstrator and lecturer in physics at Manchester, 1912-13; later in 
charge of the Physics Department of Westminster Training College, 1920-29, 
and thenas Principal of Paisley Technical College and School of Art, 1929-40. 
At Aberystwyth, Sir David Brunt, then a student there, records ‘he was 
keenly interested in designing a planimeter. He carried his model in his 
pocket, and would take it out and test and modify it in any free moment. 
He remained in my memory as a quiet friendly man, always ready to help in 
any difficulty with an experiment.’ At Westminster and at Paisley, his 
ability as an experimenter, which he himself was disposed to underestimate, 
and his gift for the improvisation of apparatus were recognized by staff and 
students. The quality, mentioned at the end of the quotation above, was also 
emphasized in a note by one of his staff at Paisley, ‘Often when we have 
been worried about some problem in practical physics, we have felt that if 
Dr Richardson had been available to us for consultation our troubles would 
soon have been over’. He was a clear lecturer but he had no enthusiasm for 
administrative work: it was ‘a task to be performed with diligence and fore- 
sight, but to me was rather dreary’. Nevertheless, in a period of general civil 
retrenchment, he succeeded, by the full exercise of his diligence and foresight, 
in obtaining an extension of the laboratories at Paisley. 

Richardson’s scientific work was original, sometimes difficult to follow, 
sometimes illuminated by lucid unexpected illustrations. In turbulence and 
in the monograph on Foreign politics he was occasionally, and not unnaturally, 
groping, perhaps with a little of the confusion he had observed in his father. 
He was breaking new ground in both these subjects and had to find his way 
with the assistance of a knowledge of advanced mathematics gained as he 
went—not drawn from a stock obtained in his university career. In view of his 
inclination to explore new subjects—or even, as he says, “bits of subjects’-— 
his achievement might seem surprising if one did not realize his amazing and 
orderly industry. The Richardson number ranks in atmospheric turbulence 
with the Reynolds number. His development of the theory of the spread of 
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pairs of particles lay dormant for twenty years until the law he had found 
was rediscovered; and isnow finding applications in other than meteorological 
fields. ' 

In preparing the following concluding paragraphs I have had Richardson’s 
own notes, from which some quotations have already been made, and notes of 
some of his contemporaries, colleagues and friends kindly lent me by his 
wife. His notes, made at the age of 71, ‘with the advantage of a psychological 
training’ were intended to give ‘a truthful account of motives as far as 
scientific research is concerned’. He had a strong curiosity. Doubt was mostly 
pleasant, but a distressing doubt in 1920 has already been mentioned; and 
‘for fifty years I have remained comfortably in doubt as to the existence of a 
future life, or as to which political party is the best.’ He records an incident, 
which occurred when he was about four, and which may have influenced 
the development (or progress) ‘of a sceptical and experimental attitude that 
later became habitual’. It is best described in his own words. ‘My elder sister 
Catherine and her nurse came into the nursery wearing their hats. 

L.F.R.: | Where are you going? 

They: We're going to the bank. 

LF.R.: Whatfor? 

They: To put money in. 

LOR.e ai Whatior? 

They: To make it grow larger. 
I was left alone to think about this remarkable way of ‘““making money grow 
larger”. I took my money—a silver threepenny bit and a new farthing— 
found a trowel, dug a hole in the steep bank in the garden, put the money in 
and covered it over with earth. About three days later my sister and I together 
dug up the money. It was not any larger. I was grievously disappointed, and 
felt that the words of grown-ups were not always to be trusted.’ 

At the age of 55 he had his intelligence tested. It was ‘high enough for 
observational science, but not for the higher flights of pure mathematics’. 
The tendency of his mental machine almost to run of its own accord made 
possible ‘an intentionally guided dreaming. If the machine ran entzrely of its 
own accord, one would have no control, and the dream would be out of touch 
with reality. . . It is the “‘almost’’ condition that is advantageous for creative 
thinking. . . In some ways it is a nuisance; for example I am a bad listener 
because I am distracted by thoughts; and I was a bad motor-driver because 
at times I saw my dream instead of the traffic.’ 

Research was the inevitable consequence of this mind-structure. Sometimes 
he was paid to do it—and liked being paid—but, paid or not, he went on with 
it; and used part of a legacy to facilitate it. ‘I have often been anxious lest I 
was wasting the substance of my wife and children on my personal interests.’ 
That accounts for the experiments and theories, but not for publication. 
‘Publication required another motive, namely the tendency to display. I have 
been aware from childhood that this tendency was strong in me, and that it 
was often unsuitable; so I have diligently suppressed it. Yet, when disciplined 
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a tendency to display is surely useful.’ I have quoted this, the only motive for 
publication given by Richardson in his notes; but I feel that his consciousness 
of the presence of this disliked motive made him overlook the fundamental 
compelling motives of sharing his discoveries and letting them contribute as 
greatly as possible to the well-being of mankind which all the evidence about 
his character indicates would be strongly operating motives with him. 

He mentions that from childhood his hand trembled, which ‘ruled out 
surgery as a career and hindered manipulations in physics’. . . He had a 
weak memory; at school and at Cambridge he disliked memory-subjects and 
even in mathematics which he used and enjoyed he could not ‘memorize 
even the formula connecting cos*@ with cos20.’ He realized his solitary 
temperament. ‘I hardly know what loneliness feels like: when solitary I am 
usually serene; when in a crowd, I am often embarrassed. . . After I had 
become a professional scientist and when I met obvious leaders, my usual 
tendency was to shy away from them. . . But by exception I attached myself 
to Karl Pearson and later to Sir Napier Shaw because my programme tem- 
porarily overlapped with theirs.’ It was in fact the ‘facilities, encouragement 
and praise from Sir Napier Shaw’ which led him into meteorology, a subject 
which ‘had developed by 1926 into something like a passion. In order to 
attend to rival ideas I had to make a deliberate break with meteorology.’ 

‘Gregarious readers will probably think such a standoffish temperament is 
a deplorable fault and an unmitigated disadvantage. It certainly does 
prevent its possessor from collecting disciples and founding a “‘school’’. 
Let me, however, point out that the same solitary temperament enables him 
to persist in unpopular researches such as those on the cause of wars’... and 
then referring to his break with meteorology. ‘By me some such change had 
long been dimly foreseen. In the midst of my Cambridge course on natural 
science I was hesitating whether to specialize on the physical or on the 
biological when someone, probably my friend W. E. Agar (afterwards F.R.S.) 
told me that Helmholtz had been a medical doctor before he became a 
physicist. It thereupon occurred to me that Helmholtz had eaten the meal 
of life in the wrong order, and that I would like to spend the first half of my 
life under the strict discipline of physics, and afterwards to apply that training 
to researches on living things. I kept this programme a secret. The distant aim 
broke out temporarily in 1906 when I sold my physics-books in order to 
raise money to go and see Professor Karl Pearson and learn about statistical 


proof.’ 
Naturally the Society of Friends was a persistent influence, ‘with its 
solemn emphasis on public and private duty . . . its condemnation of war 


pulled me away from the many warlike applications of physics.’ His earliest 
paper relevant to the avoidance of war was written when he was with 
the motor ambulance convoy in France. “There was no learned society to 
which I dared to offer so unconventional a work (Mathematical psychology of 
war). Therefore I had 300 copies made by multigraph, at a cost of about £35, 
“and gave them nearly all away. It was little noticed. Some of my friends 
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thought it funny. But for me it was quite serious, and was the beginning of the 
investigations on the causes of wars which now occupy me in my retirement.’ 

The tendency of his ‘mental machine’ probably explains why he sometimes 
appeared abrupt in manner, otherwise inexplicable in one whose quality is 
indicated by such records of impressions, over the years, on those who knew 
him as the ‘very kind heart’ at King’s, the ‘readiness to help’ at Aberystwyth, 
the ‘so very lovable and always so kind’ at Westminster, ‘his kindness 
and sincerity’ at Paisley, and the ‘beloved by all’ in the motor ambulance 
convoy in France, where ‘perhaps his greatest contribution was his demon- 
stration of the dignity of service. His simplicity and integrity transformed 
into acts of permanent worth the performance of the most menial of the tasks 
which fell to our lot in those dreadful days.’ 

My own recollections of Richardson began with incidents during a visit 
to Eskdalemuir in the winter forty years ago. When official accommodation 
was provided there, in a wing of the Superintendent’s House, for research or 
official visitors a condition was included in the formal arrangements that 
meals for visitors should normally be served in the visitors’ sitting room. We 
compromised on that. I can see him, showing me one evening, to my admira- 
tion, his arrangement for keeping his scientific papers, documents and 
manuscripts in such order that he could lay his hands at once on any one he 
wanted to refer to. Another evening he disappeared—for a long run in the 
darkness and silence of the night, to keep his body and his mind also in good 
order. In the 1920’s I met him often; what remains prominent in my memory 
is the unselfishness of Richardson and his wife in taking into their home the 
children of a missionary serving at that time overseas. Indeed I think the 
keynote of his life is given in a sentence from a tribute by one who was a 
fellow undergraduate ‘he thought the value of life consisted in the amount of 
self-denial you paid for it’. 

E. Gop 
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NEVIL VINCENT SIDGWICK 
1873-1952 


Nevin VINCENT Sripewick, who died on 15 March 1952, came from a highly 
gifted family. His ancestors were Yorkshire farmers, but his great-grandfather 
became a successful cotton spinner in Skipton. His grandfather, William 
Sidgwick, broke away from the family business and was sent to Cambridge, 
where he became a Wrangler. He was Headmaster of Skipton School until his 
death in 1841. He had three sons and one daughter. The eldest son, William 
Carr Sidgwick, Nevil’s father, was born in 1834. The two younger sons, 
Henry and Arthur, were born in 1838 and 1840. Henry Sidgwick became 
the famous Professor of Moral Philosophy at Cambridge. Arthur Sidgwick 
was elected to a fellowship at Trinity College, Cambridge, in 1864, but soon 
afterwards was appointed an assistant master at Rugby School, where he 
remained for fifteen years. He was elected to a tutorial fellowship at Corpus 
Christi College, Oxford, in 1882, and later became University Reader in 
Greek. Mary Sidgwick, their sister, married in 1859 Edward White Benson, 
who was then an assistant master at Rugby, and later became Archbishop of 
Canterbury. 

William Sidgwick’s widow went to live near Bristol after her husband’s 
death, but moved to Rugby in 1853 and sent her two younger sons to Rugby 
School. William Carr Sidgwick, who had been at school at Blackheath, went 
to Oxford as a scholar of Corpus Christi College, took a First Class in Greats 
in 1856, and was elected a Fellow of Merton College in 1857. He was 
ordained in 1860, but like his brother Henry and other contemporaries at 
Oxford and Cambridge became increasingly conscious of the fact that he 
could not subscribe to the religious obligations which were then demanded 
of Fellows. He finally took advantage of the Clerical Disabilities Act (1870), 
and relinquished Holy Orders in 1871. Before then he had decided to marry, 
in spite of the ordinance providing that ‘every Fellow who shall marry shall 
thereupon vacate his fellowship’. There is a note in the College records, dated 
6 February 1872, ‘that Mr Sidgwick be allowed a year of grace in contempla- 
tion of marriage’. He married in March 1872, and Nevil Sidgwick was born 
in Oxford on 8 May 1873 at Crescent Villa, Park Town (now 8 Park Town), 
which was then on the northern outskirts of Oxford. 

After his marriage William Carr Sidgwick was for a short time a school- 
master in Guernsey, but he returned to Oxford and continued to teach and 
lecture for some years. He became a member of Oriel College and Lecturer 
‘in Logic and Political Economy. In 1881 he applied for the Professorship of 
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Moral Philosophy and Political Economy at Liverpool. The testimonials that 
he submitted might have been written of his son. Mark Pattison, the Rector 
of Lincoln College, referred to him as ‘a man of acute intellect, shrewd 
practical judgment and unusual powers of expression and exposition’. 
Magrath, the Provost of Queens College, wrote that ‘for lucidity of exposition 
he has no superior if he has an equal in the University and his kindness 
to and interest in his pupils has endeared him to several generations of 
students’. All his testimonials dwelt on these qualities; but he was not elected, 
and left Oxford for London where he was called to the Bar, and practised 
journalism for a few years before finally retiring, a disappointed man, to 
Rugby, where he lived from 1888 until his death in 1910. It is not easy to 
account for his lack of success, and Nevil Sidgwick himself was extremely 
reticent about his father even to his closest friends. But there is a hint in 
George Sainsbury’s A scrap book: ‘My tutor,’ he wrote, ‘the late William 
Sidgwick, cleverest perhaps, if not exactly wisest of his singularly brilliant 
family’... 

One is left in no doubt from whom Nevil Sidgwick derived his powers of 
thought and speech. ‘My dear Nevil, there are times when you remind 
me exactly of your father’ said an uncle who was getting much the worst 
of an argument. But he owed to his mother his love of science and many of 
the best points in his character. They were devoted to each other: he was 
never out of her thoughts, nor she out of his. Her death in 1915 was the 
severest blow of his life. 

She was Sarah Isabella Thompson, daughter of John Vincent Thompson, 
Serjeant at Law, whose brother was General Thomas Perronet Thompson, 
F.R.S. Her sister, Philothea, married Sir Benjamin Brodie, F.R.S., Professor 
of Chemistry at Oxford from 1855 to 1872. They were descended on their 
mother’s side from a Swiss family called Perronet. Towards the end of the 
17th century one branch of the Perronets settled in France and another 
in England. Jean Rodolphe Perronet (1708-1794) was a celebrated French 
engineer and a Foreign Member of the Royal Society. His English con- 
temporary Vincent Perronet (1693-1785) was Vicar of Shoreham and an 
intimate friend of John Wesley. 

Nevil Sidgwick was sent to Summer Fields School, near Oxford, for one 
year from 1885 to 1886, when his parents were living in London. Previously 
to that he had been educated entirely at home, mainly by his mother, who 
early imbued him with that love and wide knowledge of botany and natural 
history which was one of his most marked characteristics and which was to 
add so much to the interest of his travels. He entered Mr Scott’s House 
(School Field) at Rugby School in September 1886, but became a day boy 
in 1888 when his parents moved to Rugby. He must have been an ungainly 
boy, physically unattractive and useless at any kind of game.* This does not 
seem to have affected him at all, even in those days when most small boys at 


* In later years he became an expert skater, and a competent player of golf, t i 
i es : ? ae 
introduced by one of his Magdalen pupils. ; . oe i So Bink oe 
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public schools had to contend with serious difficulties if their main assets 
were their brains rather than their athletic accomplishments. Possibly his wit 
was too biting and his good humour too disarming for his tormentors, if 
indeed there were any. There is no indication that he had any difficulty in 
making friends. He looked back to his school days with pleasure, and was an 
enthusiastic member of the Governing Body from 1933 to 1944. A letter 
written by Mr Scott to his mother during his first term may give some indi- 
cation of him: 


‘Nevil has made his debut. He has plenty of wit and also of in- 
attention. . . Plenty of blunders, all of a healthy nature. . . What 
strikes me most is what must strike anybody; his ease and general 
grasp of all he does.’ 


Rugby School was then in the forefront of the new movement for the teaching 
of science at public schools, but there was no concentration on science to the 
exclusion of literary subjects. ‘Throughout his school career Sidgwick studied 
classics as well as science. He rapidly rose in the school, and in the winter 
term of 1891 was placed third in the Classical Sixth form, and third in the 
Science Sixth. He sat for a classical scholarship at Oxford in 1891, but 
failed, He then resolved, with his mother’s encouragement and his father’s 
acquiescence, to devote himself to science. In 1892 he was elected to an 
open scholarship in Natural Science at Christ Church, Oxford. Two of his 
contemporaries were elected at the same time to science scholarships at 
Balliol and Trinity. Sidgwick applied to the headmaster for the customary 
half holiday in recognition of these successes, but met with a refusal. The 
custom was confined to the winners of classical scholarships! 

Sidewick entered into residence at Christ Church in the autumn of 1892. 
He was fortunate in his tutor, Vernon Harcourt, the Dr Lees Reader in 
Chemistry, who was a pioneer in the new domain of physical chemistry, 
and one of the first to measure the velocity of chemical reactions and to study 
the conditions that determine it. The brunt of the teaching of chemistry was 
borne at that time by the Colleges, and Sidgwick did the whole of his practical 
work in the Christ Church laboratory. He was placed in the First Class of the 
Honour School of Natural Sciences in 1895. He then decided to read ‘Greats’, 
and in 1897 obtained another clear First Class in Finals. One of his examiners, 
Dr Rashdall, wrote in 1902, when Sidgwick was a candidate for the vacant 
Dr Lees Readership: 


‘I retain a very distinct and a most favourable impression of his work. 
That work was done after he had for a long period given up Classics 
and devoted himself to Natural Science. To take a not doubtful first 

~ class in such circumstances was a remarkable feat. It was accomplished 
chiefly by his work in the philosophical subject. His point of view was 
still perhaps, as was natural, rather that of Natural Science than of 
Metaphysics, but he showed abundant evidence of high philosophical 
capacity and contrived to make it quite plain that he was one of the 
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two or three ablest men—not impossibly the ablest—of his year. His 
viva voce, in which he maintained the positions he had taken up in the 
papers with great tenacity and dialectical skill under a severe cross- 
examination by an accomplished Metaphysician, I look back upon as 
one of the most brilliant performances of the kind that I have ever had 
the pleasure of witnessing.’ 


After this truly remarkable feat, which is never likely to be repeated, 
Sidgwick demonstrated in the Christ Church Laboratory for a year, and was 
then elected to a Dixon scholarship which enabled him to go to Germany. 
He went first to Ostwald’s laboratory in Leipzig, in order to acquire modern 
techniques for the physical study of organic compounds. Unfortunately he fell 
ill there, and returned to Oxford, where he spent the summer of 
1899 investigating the action of alcohol and other organic substances on 
stannic chloride. He then went to Germany again in the autumn to work 
under von Pechmann in Tiibingen, where he spent two happy and fruitful 
years, becoming a fluent German scholar, and carrying out a research on 
derivatives of acetone-dicarboxylic acid for which he obtained the degree 
of D.Sc. in July 1901. This was published as a dissertation (dedicated to his 
mother) in Tiibingen, but only appeared in the Berichte in 1904, the delay 
being caused by von Pechmann’s illness and death. 

Before he left Tubingen Sidgwick was elected to a Fellowship at Lincoln 
College, where he went into residence in October 1901 and remained for the 
rest of his life. Apart from his unsuccessful candidature for the Dr Lees 
Readership in the following year, and a not very serious application for the 
Professorship of Inorganic Chemistry in 1920, when Soddy was elected, he 
appears never to have sought any other appointment, or seriously considered 
any invitation. Lincoln College became his cherished home, and Oxford the 
centre of his life’s work. 

I well remember my first meeting with Sidgwick in 1905. He was then 
responsible for teaching the chemists at Magdalen as well as at Lincoln. 
I had been reading mathematics for a year, and was told at the end of the 
summer term to go and introduce myself to the man who would be my tutor 
for my remaining years at Oxford. I called to see him in the rooms which he 
was to occupy for nearly 50 years. An elderly looking man, almost bald, with 
a fringe of grey hair, rose and greeted me pleasantly. It was not till long 
afterwards that I realized he was then in his early thirties. He asked when 
I had last done any serious chemistry. I told him. ‘Oh’, he said, ‘in that case 
you must settle down to some serious reading in the long vacation.’ Observ- 
ing, perhaps, a lack of enthusiasm in my face, he turned to his shelves and 
picked out a new-looking book entitled Chemical statics and dynamics by Mellor. 
“This is an important subject’ he said, ‘but the book is rather too mathe- 
matical for me. I wish you’d take it away and see how many mistakes you 
can find in it.’ I believe that this was the first time that any senior man had 
indicated that I might know more than he did about something that was 
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worth knowing, and the first time that anyone had suggested to me that 
there might be mistakes in a printed book of science. I took it away: an early 
discovery of a mistake in the first chapter aroused a detective spirit and led 
me to consult works of reference; and I returned in October with a list the 
length of which surprised my tutor as well as the author (who wrote a charm- 
ing letter of acknowledgment), and I learnt a lot of chemistry in the process. 
This was characteristic of Sidgwick’s method of dealing with his pupils. He 
was a great tutor, except of a few men whom he did not understand and 
whose difficulties did not appeal to him. Most of his pupils will always 
remember him with gratitude and affection, although they may find it hard, 
as I do, to describe the unusual nature of his influence. He did not appear 
to take very much trouble. He read one’s essays casually and uncritically, 
but with stray illuminating comments. He would spend the rest of the time 
discussing irrelevant topics, often unconnected with chemistry. He would. 
advise one to go to lectures to see what they were like, but did not blame 
one for irregular attendance. I did not even regularly attend his own lectures 
on the organic chemistry of nitrogen; I found it more convenient to borrow 
the typescript from which he read them, and study it at leisure. He was 
never caustic about one’s ignorance, so long as he detected a desire to improve. 
He was nearer than anyone else I have known to Stephen Leacock’s descrip- 
tion of an Oxford tutor in My Discovery of England: 


‘I understand that the key to this mystery (of an Oxford education) 
is found in the operations of the person called the tutor. It is from him, 
or rather with him, that the students learn all that they know: one and 
all are agreed on that. Yet it is a little odd to know just how he does it. 
‘““We go over to his rooms’’, said one student, “‘and he just lights a pipe 
and talks to us.’ “‘We sit round him’’, said another, ‘‘and he simply 
smokes and goes over our exercises with us.” From this and other evi- 
dence I gather that what an Oxford tutor does is to get a little group of 
students together and smoke at them. Men who have been systemati- 
cally smoked at for four years turn into ripe scholars.’ 


Sidgwick did smoke in those days; a pipe was hardly ever out of his mouth 
in waking hours except for meals; and by the time he had smoked at one for 
three years one had a pretty firm foundation of a liberal scientific education 
on which to build if one had a mind to. But he fell short in one respect: he 
was not inspiring as an investigator in the years of which I write. His 
researches, such as they were, were haphazard. At first he continued, in a 
desultory fashion, his work on the organic compounds of tin, but soon 
abandoned it without publishing any results. He lost interest in the subject 
so much as actively to discourage one of his pupils from pursuing it on the 
reasonable ground that organo-metallic compounds could be poisonous. 
But in 1923, when their importance to the study of valency became obvious to 
him, this objection seemed to lose its force and all his pupils were set to work 
on them, fortunately without mishap. The fact is that Sidgwick, though an 
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accurate, was never an ardent experimenter. He liked to have a band of 
disciples round him to do most of the work in the laboratory. He was not 
even very good in selecting topics or advising on methods of research ; where 
he excelled was in the interpretation of results; he could see further than 
could most of those who produced them. But he had no clear line of work 
before him until much later. His scientific reputation in 1914 was largely 
confined to Oxford, and even there mainly to the younger men; some of 
the older were inclined to regard him as an organic chemist gone wrong. 
To the outside world of the Chemical Society he was known rather as an 
acute critic and the author of the Organic chemistry of nitrogen than for the 
merits of his original work. The coveted distinction of the Fellowship of the 
Royal Society, for which he yearned, seemed terribly slow in coming; and his 
closest friends felt that there was some danger of his becoming a disappointed 
and disheartened man, like his father. 

The Organic chemistry of nitrogen was published in 1910. In the preface 
Sidgwick wrote: ‘It is becoming generally recognized that organic chemistry 
cannot be treated satisfactorily without reference to those questions of 
physical chemistry which it involves. To attempt a separation of the two 
is to refuse all the assistance which can be derived from what is the quantita- 
tive side of chemistry.’ 

The book was not enthusiastically received by the scientific press; one 
reviewer went so far as to criticize the author’s English—a bold man indeed. 
It was, however, a great success. The clear, logical and convincing discus- 
sions of controversial matters were of a kind that had never been seen before, 
and gave the book an altogether outstanding quality. Its educational value 
was immense. Many of the theories put forward did not survive the passage 
of time; but the masterly assembly of facts remained invaluable. 

The edition of 1250 copies was soon sold out. Twenty-five years after 
publication the book cost second-hand four times as much as new; and I 
have been told that when the copy in the library of the Kodak Company 
was lost it cost thirty-three dollars to replace it. Plans for a second edition 
were made by Sidgwick in 1922; but the revision went slowly. He soon 
became absorbed in his work on valency, and ten years later he gladly 
handed over the responsibility for an extensive revision of the work to T. W. 
J. Taylor and Wilson Baker. The second edition was published in 1937 and 
has been several times reprinted. 

The year 1914 was a turning point in Sidgwick’s career. He was one of the 
members of the party chosen to represent the British Association for the 
meeting held in Australia. This was the first of the many travels overseas 
which added so much to his enjoyment of life. It was an especial stroke of 
good fortune for him that Rutherford was a fellow passenger on board the 
ship. He fell at once under the spell of Rutherford’s genius and gaiety. He 
conceived for him a respect which ripened into a deep devotion in later 
years. He could not bear at any time to hear even a playful criticism of him; 
and if anyone was so rash as to differ from Rutherford in print, one felt that 
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Sidgwick would gladly have had the offending article or book burnt by the 
common hangman! Any pronouncement of Rutherford was right in 
Sidgwick’s eyes; he brought, for instance, the whole weight of his classical 
erudition in support of Rutherford’s suggestion of diplogen as the right name 
for heavy hydrogen. He felt that this was too serious a matter to be left to the 
discoverer. However, he took the final decision philosophically: we can at 
least agree, he said, to denote the new hydrogen by the symbol D. 

Perhaps it was Rutherford who supplied the spark that released into its 
right channels the pent-up energy of Sidgwick’s mind. Certainly the curve of 
his achievements rose thenceforward like the pressure of an explosion. But 
the period of induction was lengthened by the war of 1914 to 1918, during 
which Sidgwick, who was clearly unfitted though not unfit for any normal 
form of military service, stayed quietly at Oxford, acting as an unpaid 
consultant to the Department of Explosive Supplies. The possibility of 
manufacturing acetone from alcohol by a three stage catalytic process, 
alcohol-aldehyde-acetic acid-acetone, had been suggested by W. H. Perkin. 
It was investigated first by B. Lambert and then by Sidgwick, who took over 
entire responsibility for the work when Lambert left to join the Army. 
Eventually a large-scale plant was built at Warrington, but formidable 
difficulties were encountered, and on one occasion a serious explosion caused 
the death of several men. The final stage of the conversion of acetic acid into 
acetone was never satisfactory, but the process was used throughout the war 
for the manufacture of acetic acid. I know of no other clear practical out- 
come of Sidgwick’s war work; but his advice was often sought and always 
valued, and he himself gained from the experience and from the widening 
of his friendships. 

At the end of the war Sidgwick returned to the study of the solubilities and 
vapour pressures of isomeric disubstitution products of benzene. In a paper 
published in 1915 it had been shown that whereas the solubilities in water of 
the isomeric cresols and toluic acids are very similar, the nitrophenols are 
abnormal in that at a temperature at which the para and meta nitrophenols 
are completely miscible with water in all proportions, not more than 1% of 
the ortho compound will dissolve, which was all the more surprising since 
the ortho compound has by far the greater vapour pressure. The conclusion 
that ortho-nitrophenol has a different molecular structure from the para 
and meta compound seemed inescapable. 

In a series of interesting contributions to the Journal of the Chemical Society 
from 1922 to 1924 Sidgwick and his collaborators recorded the results of 
similar investigations into the solubility and vapour pressure of other deriva- 
tives of benzene. The general conclusions were that the abnormality of ortho 
compounds is always associated with the presence of OH, NH, (or sub- 
stituted NH,), or CO,H; that the degree of abnormality depends on the 
nature of the second substituent, being greatest, for example when it is CHO, 
quite distinct when it is Cl, and non-existent when it is CH,; and that the 
probability was that hydrogen in the active substituent forms a co-ordinate 
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link with some atom of the second substituent. All this work was a prelude 
to that which was to come. 

In 1922 Sidgwick was elected a Fellow of the Royal Society. The distinc- 
tion did not, in his case, mark the end of his best work for science; it marked 
the beginning. His horizon extended to embrace the whole of chemistry. 
He was then 49 years of age, full of vigour, and quite unchanged in appear- 
ance from what he was twenty years previously. But his friends observed a 
change in other respects: he became more mellow, more confident, more 
masterly, and yet more tolerant. 

Ever since his first discussions with Rutherford on the way to Australia in 
1914 Sidgwick had been interested in the bearing of the nuclear theory of the 
atom on problems of chemical combination, but he had taken no direct 
part in the various speculative theories that were put forward after the 
discovery of the atomic numbers of the elements. The position in 1921 was 
that there was general acceptance of the view that in the simpler ionic com- 
pounds there is a transfer of an electron, or electrons, from the positive to the 
negative atom, so that each ion is surrounded by a number of electrons equal 
to the atomic number of the nearest inert gas. This theory, which was first 
given a precise form by Kossel in 1916, gave a fresh meaning to the century- 
old idea of electro-valency; but it did not apply to non-polar compounds. 
G. N. Lewis, on the other hand, had made an advance of fundamental 
importance in the same year by suggesting the possibility that in non-polar 
compounds atoms could share electrons in such a way as to bring about a 
more stable grouping of the system as a whole. The most stable grouping, 
in his view, was one of eight valency electrons arranged in cubic formation. 
This ‘octet’ theory, which was elaborated by Langmuir and others, received 
considerable attention; but it was abundantly clear by 1921 that the postulate 
of stationary electrons was not in harmony with physical evidence. Neither 
theory, nor any combination of them, could account at that time for the 
formation and stability of the complex inorganic compounds which Werner 
had been studying for many years, but in which chemists had taken singularly 
little interest until he succeeded in predicting and demonstrating that 
certain of them could be resolved into optically active components. 

This was obviously an unsatisfactory state of affairs, which, in Sidgwick’s 
view, would remain unsatisfactory until more was known about the distribu- 
tion and function of electrons in atoms. The further information for which 
chemists were waiting was provided by Bohr’s note on ‘Atomic structure’ 
which appeared in Nature in March 1921, and by the publication of his 
extended Theory of spectra and atomic constitution in 1922. The first-fruits of 
Sidgwick’s heightened interest in the subject appeared in his note on ‘The 
structure of basic beryllium acetate’ and in his paper on ‘Co-ordination 
compounds and the Bohr atom’, which were published in 1923. In June of the 
same year Lewis visited Oxford and stayed with Sidgwick. They both 
attended the meeting of the British Association at Liverpool, where Sidgwick 
opened a discussion on “The Bohr atom and the periodic law’. Their inter- 
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change of views, and the publication of Lewis’s Valence and the structure of 
atoms and molecules later in 1923 provided Sidgwick with an additional 
stimulus. He saw his way at last to develop an electronic theory of valency 
which could be applied to all the known facts without infringing the condi- 
tions which physical research showed to be necessary. But to do so it would be 
necessary to survey the whole field of chemistry. 

To this formidable task he now addressed himself. It was a task for which 
he was pre-eminently fitted. It needed a man with an acute penetrating 
intellect, an orderly and critical mind, a prodigious memory, an exceptional 
power of assimilation and a dogged perseverance. All these qualities Sidgwick 
possessed; and he buttressed them by a determination to synthesize the 
sciences of physics and chemistry; never to stretch his inductive logic so far 
as to reach conclusions which, however attractive to the chemist, would be 
regarded as untenable by the physicist. He constantly inculcated this 
practice in his teachings and writings; thus in his introductory public lecture 
on “The relation of physics to chemistry’ delivered at Cornell University in 
1931 he said: 


‘The ultimate object of the chemist is to express his conclusions 
in physical terms, but he must remember, if.he tries to do this, that 
these terms have already a very elaborate and precise connotation; 
every concept which he uses involves a series of definitely established 
properties. That in fact is why it is so important to be able to use them. 
But it is essential to use them rightly. The chemist must not employ 
the language of physics unless he is willing to accept its laws. Within 
these laws a certain latitude of interpretation is left to him, and some 
tentative physical suggestions may be put forward unsupported by 
physical evidence, provided the physical evidence does not contradict 
them. On this last point no exceptions are allowed. The chemist must 
resist the temptation to make his own physics; if he does, it will be bad 
physics—just as the physicist has sometimes been tempted to make his 
own chemistry, and then it was bad chemistry.’ 


Sidgwick’s Electronic theory of valency was published in 1927. In was rightly 
said of it when he was awarded a Royal Medal in 1937 that for the first time 
the most diverse structural phenomena covering the whole field of chemistry 
were rationally systematized, and that it had more widespread influence on 
the views of chemists in this country than any other of this generation. 

The most original part of this now classic work, of which some 10000 
copies have been sold, was that which dealt with co-ordination compounds. 
His original paper on ‘Co-ordination compounds and the Bohr atom’ was 
indeed a carefully laid foundation stone, now almost lost in the magnitude of 
the structure that has risen around it. He expounded the results of five years 
of further study and research in a brilliant Presidential Address to Section B 
of the British Association at the meeting at Leeds in 1927. Nothing is more 
* illustrative of his powers of induction than his conclusion that the co-valency 
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of carbon atoms did not differ fundamentally from the co-ordination of 
inorganic compounds. He reached this conclusion after an exhaustive study 
of all the relevant facts that he could find. It provided a firm basis for the 
general electronic theory of valency. It followed that the special theory of 
co-ordination which Werner had evolved with so much skill and insight, was 
unnecessary; and it became clear that the co-ordinate link is of the first 
importance throughout the whole of chemistry. His views have since been 
modified in detail; but their general validity remains unimpaired. 

In the last chapter of his book Sidgwick considered in a preliminary way 
the application of the new principles to the individual elements; and he 
indicated in the preface his intention to develop this in a second volume. 
Over twenty years were to elapse before he achieved this ambition. 

This highly productive period of his life from 1920 to 1930, during which 
Sidgwick published the book which brought him international fame, and was 
also responsible wholly or in part for over forty original contributions to 
scientific journals, was not without major relaxations. In 1924 he visited 
Canada with the British Association, and after the final meetings in Toronto 
crossed the prairies and the Rockies to the West Coast before returning to 
Oxford. In 1929 he had an even more extended tour to South Africa with the 
British Association, ending by travelling north to Livingstone by train, then 
by road to Dar-es-Salaam, and then after two days in Zanzibar sailing home 
via Aden and Suez. 


ib Ocet.1929 


I have had an excellent time and everything went well—the supposed 
hardships of a 1200 mile drive resolved themselves into one night in a 
very good tent. The wild beasts that were going to devour us were 
reduced to one lion which came by our bedroom in Abercorn, but so 
quietly that it did not wake us up. The country was extraordinarily 
interesting and the views in Tanganyika magnificent, and it was quite 
as interesting to meet and hear the views of all sorts of people— 
Government officials, farmers, lorry drivers—whom we met or stayed 
with en route. . . I have also had a drive round Aden by moonlight, 
and been presented to the Sultan of Zanzibar, and seen seven giraffe 
in the bush, and generally enlarged my mental horizon. . .’ 


He was soon to have his mental horizon still further enlarged in the most 
agreeable manner. Towards the end of 1930 he was invited to spend a 
semester at Cornell University as George Fisher Baker Non-Resident Lecturer 
in Chemistry. He accepted with alacrity, sailed to New York in January 1931, 
spent a fortnight there, visited Princeton and settled down in Ithaca early in 
February, ‘with every luxury that an American laboratory can supply. 
Two offices, four telephones, a private laboratory, and a stenographer, all to 
myself. . . It is a wonderful place, with a great deal of good work going on, 
and everybody is most kind, so that I can see that I am going to have a very 
pleasant time here.’ He made an immediate impression on old and young 
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alike, and found to his joy that he was as acceptable to American students as 
he was to Oxford undergraduates. ‘We found him,’ wrote one of them after 
his death, ‘to be cosmopolitan in the very best sense of the word... a man of 
wide experience not only in chemistry and related sciences, but also in the 
humanities; widely travelled, with acquaintances and friends «n all parts 
of the world. . . More than one of us found in later years that Professor 
Sidgwick was one of the most important influences under which we came in 
Cornell.’ Very soon the custom grew up of having tea with him in his 
laboratory, with some six to twenty in attendance, faculty members and 
students alike; and later on he received the rare compliment of being invited 
to live with a group of students in their fraternity (Telluride) house for the 
last two months of his stay. ‘So I now find myself in a very comfortable home 
and excellent company .. . I certainly never expected that I should, as it 
were, go back to College again as an undergraduate, nor, to be perfectly 
frank, that if I did so at my age I should enjoy it as I do. I have just succeeded 
in learning all their 27 names, and I am no doubt rapidly acquiring the 
manners and language of the country.’ 

During his time at Cornell Sidgwick was much in request for lectures else- 
where, so ‘I propose to see some of the country gratis in this way’. He gave 
more than he expected, and got a little nervous of repeating himself. ‘I have 
quite a good paper on carbon monoxide and divalent carbon’ he wrote in 
March 1931, ‘ and I am wondering how often it can be used before it wears 
out.’ He need have had no fear. Each fresh audience listened to him with 
interest as he skilfully expounded the new theories, and in each fresh place he 
enlarged his friendships. 

When his time came to an end he set out on a 10000 mile tour to the West, 
which included a ‘hectic little lecture tour of four days’, five days at the 
Grand Canyon, where he spent the night at the bottom, coming up the next 
day ‘thoroughly desiccated and decorticated (I have said this to someone else, 
but I think it is good enough to use again . . .)’, and a week at Pasadena, 
before turning east again at San Francisco and returning via Yellowstone 
Park, Buffalo, Ottawa and Quebec. He was the perfect tourist, indefatigable, 
interested in everything and everybody, and always ready at the end of a long 
day to send his friends vivid descriptions of his experiences. 


‘Aug. 14, 1931 Old Faithful Hotel, Yellowstone Park 


I have now come to the last stage of my American tour. . . It has 
really been a wonderful time, and there are not many of the better 
known sights of the West that I haven’t seen—as well as some less 
famous ones. . . But none of the places I have seen or am likely to see 
is as strange as this. It is an enormous hotel built of logs—said to be the 
largest log building in the world—anyhow it is 180 yards along the 
passage from my room to the porch in the centre, so it is > 360 yards 
long. This stands in a high (7300 ft. wide) but in many ways rather 
ordinary Rocky Mt valley, surrounded by pine clad hills. In the valley 
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are several white sandy-looking areas, on which pools and small grey 
hummocks are scattered. From each of them a column of steam goes 
up, and at intervals, when there is an eruption, rises hundreds of feet 
into the air. I counted 39 distinct columns at one time from the hotel 
porch yesterday. Old Faithful, one of the biggest, is only 200 yards 
away from the hotel and goes off every 64-5’—its next time is marked 
on a clock face in the porch. I have seen it erupt 10 times since I came 
here yesterday, and it is extraordinarily beautiful, changing each time 
with the light and the wind . . . I have seen Salt Lake City, which is in 
very fine country, with Mts rising 7000 ft above it within 10 miles. I 
got there in a heat wave, went away up to 8500 ft in the mountains to a 
cabin among beaver dams and rainbow trout, and came back to the 
City with the break-up of the heat wave through a regular tropical 
thunderstorm. Neither nature nor man seems to do anything by halves 
inthis country. .:./. 


He got back to Oxford in September 1931, hoping to be free from Com- 
mittee work, and to concentrate on his researches and books. Earlier he had 
written: 


‘When I do return I shall be off all Committees and shall be able to 
refuse to go back on them on the ground of the 4(!) books and new 
Edns. which I hope to get out in the next few years. I have come to the 
conclusion that while many others are as good or better than I am at 
committees, I can do this molecular structure business better than most 
and had better stick to it. Of course lecturing out here is bad for one’s 
modesty.’ 


He was wrong in one respect: few men were better Committee men than 
he. The Delegacy of the Clarendon Press could not do without him; nor 
could the Bodleian Library. London called him too: he had already promised 
to serve on the Advisory Council of the Department of Scientific and Indus- 
trial Research, and was Chairman of the Chemistry Research Board from 
1932 to 1935. He became a member of the Council of the Royal Society 
from 1931 to 1933, President of the Faraday Society from 1932 to 1934, and 
President of the Chemical Society from 1935 to 1937. Before then he had 
been made Chairman of its Publications Committee, because, so someone 
said, they could not find anyone else who could make sensible comments on 
all the papers submitted. 

Other honours came his way in 1935. He was created C.B.E., received the 
honorary degree of Doctor of Laws from Liverpool University, and was 
elected by Oxford University to a supernumerary Professorship of Chemistry, 
‘without pay or duties; but it is a very pleasing sign of recognition’. 

His first Presidential Address to the Chemical Society in 1936 opened with 
the following highly characteristic paragraphs: 


‘There are two ideas about the progress of science which are widely 
prevalent, and which appear to me to be both false and pernicious. 
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The first is the notion that when a new discovery is made, it shows the 
previous conceptions on the subject to be untrue; from which un- 
scientific people draw the very natural conclusion that if today’s 
scientific ideas show those of yesterday to be wrong, we need not 
trouble about them, because they may themselves be shown to be 
wrong tomorrow. It is difficult to imagine any statement more opposed 
to the facts. The progress of knowledge does indeed correct certain 
details in our ideas, but the main result of every great discovery is to 
establish the existing doctrines on a firmer foundation, and give them 
a deeper meaning. 

“The second false notion is that the progress of research involves 
increasing specialization: and specialization, we are told, means 
knowing more and more about less and less. This last phrase has 
undoubtedly brought comfort to many people who know practically 
nothing about absolutely everything. But it is entirely untrue that as 
knowledge grows, its conclusions are based on a narrower range of 
observations. Nothing is more remarkable in the immense development 
of physics and chemistry during this century than the way in which 
it has brought to bear on the same problems the results of the investiga- 
tion of widely different properties, obtained by widely different 
experimental methods.’ 


All these outside engagements, on top of his normal duties of teaching and 
lecturing, delayed the ‘4 books and new editions’. But what delayed them 
most was the forward march of the subject. Even the Covalent link in chemistry, 
which appeared in 1932, and was based on Sidgwick’s Cornell lectures, 
contained much that he had not known when he was there. New methods of 
physical measurement had been developed to determine the distance between 
linked atoms, the force necessary to move them nearer or further apart, the 
energy of formation of the link, and the inter-valency angles. Wave mechanics 
which in 1927, ‘had not yet reached the stage at which one can say definitely 
how it is to be translated into physics’ had begun to throw light on problems 
of chemistry. The study of electrical dipole moments was already recognized 
as of great importance for the elucidation of structure, though it was then, for 
practical purposes, barely four years old. Lewis had originally assumed that 
the covalent link gave rise to non-polar molecules: in his view polar and 
non-polar were synonymous with electrovalent and covalent compounds. 
But that this was too narrow an interpretation of the facts had been shown 
by Debye so long ago as 1912. It was in 1928, however, during a conference 
in Munich in which Sidgwick took a leading part, that the real significance 
of dipole moments began to emerge, and since then the application of theory 
had been rapid. Over one-third of the new book was devoted to a description 
of the different methods of measurement of dipole moments, and to a critical 
survey of the existing—and growing—literature of the subject. 

Thus, what with one thing and another, Sidgwick was able at this time to 
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clothe his thoughts with greater precision, and, in particular, to bring a mass 
of evidence in favour of his contention that ‘there are two possible forms of 
linkage between the atoms in a molecule, and that the two can in practice 
be sharply distinguished’ . . . and also ‘that links in which both kinds play 
any considerable part—links which are truly intermediate between an 
electrovalence and a covalence—rarely if ever occur’. The last chapter was 
devoted to a discussion of stereochemistry in the light of the new physical 
evidence which had accumulated in the last few years. The book was widely 
read, and certainly helped to give a feeling of reality to the chemist’s sensory 
images; but it suffered, so it seems to me, from the inclusion of too much 
detail for its purpose, and from the attempt to reach conclusions with a 
precision that was hardly warranted by the state of knowledge at the time. It 
is not, perhaps, unfair to say that it was the least successful and 
most ephemeral of Sidgwick’s works. 

By 1932 Sidgwick had abandoned his intention to revise the Organic 
chemistry of nitrogen after writing four new chapters; so when the Covalent 
link in chemistry was out of the way he was free to concentrate on volume 2 
of the Electronic theory of valency. He made a start on this early in 1935, and 
in the summer was writing to America: ‘ I have accumulated a lot of material, 
but I don’t want to spend all my time in accumulating and not to live to use 
it.’ He soon found that he had taken on a far greater task than he had antici- 
pated. The science of inorganic chemistry had been given a new lease of life 
through the discoveries and theories of physicists, and it became almost 
impossible to keep abreast of the flood of papers on new classes of com- 
pounds and new elements. And then there was wave mechanics to be 
reckoned with. Quantum mechanics had been bad enough for a non- 
mathematician to swallow and digest; but wave mechanics was worse still. It 
could not be neglected, however. Had it not produced the concept of reson- 
ance, which, as he wrote in his introduction to the new edition of the Organic 
chemistry of nitrogen is the most important development which structural 
chemistry has had since it was extended to three dimensions by van’t Hoff in 
1874? Fortunately he had able expositors close at hand, and he refused to be 
baulked by mathematical difficulties. In his Presidential Address to the 
Chemical Society in 1937 he said: 


“The general conclusions of the theory of resonance are of great 
practical importance, especially to the organic chemist. But it is not 
to be expected that more than a very few organic chemists will have 
either the time or the ability to master these mathematical operations. 
It is therefore obviously our duty to express—or to induce the wave- 
mechanicians to express—the results in the simplest terms that are 
possible, and this can really be done quite easily. The use of the 
technical language of wave mechanics for this purpose is quite un- 
necessary and in fact misleading, for it makes the non-mathematical 
reader think that as he can’t understand the language he can’t under- 
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stand the conclusions either, which is quite untrue; and not un- 
commonly, I think, it leads the non-mathematical writer to believe 
that if he knows the technical terms he must understand their meaning, 
which is by no means always the case. It was well said by Clerk Maxwell: 
“for the sake of persons of different types of mind scientific truth 
should be presented in different forms, and should be regarded as 
equally scientific whether it appears in the robust form and colour- 
ing of a physical illustration, or in the tenuity and paleness of a sym- 
bolical expression’’.’ 

It was not so much the mathematical as the literary language of the wave- 
mechanicians that he objected to. Resonance was a bad name; for it implies 
that a molecule is oscillating between two states, which is what the theory 
denies. It reminded him, he said, of a remark by Mrs Wilfer, one of his 
favourite characters in the works of Dickens, of which he was a master: 


‘When I use the term attractions, I do so with the qualification that 
I do not mean it in any way whatever.’ 


However he did not encourage chemists to rechristen the phenomenon: ‘for 
the present we have to accept the terminology of the physicists’. 

I do not know when the full magnitude of his task broke upon him, and 
‘Volume 2’ was abandoned in favour of an entirely new treatise. Not before 
1939, I fancy, if indeed so early. By then he had revisited the United States 
six times. America drew him like a magnet. He loved the country; few 
Americans can have known it so well as he did. Before he died he had visited 
46 of the 48 States, and had at least one friend in each. No British scientist was 
better known in the United States. He was made a Foreign Member of the 
American Academy of Arts and Sciences in 1938; but by then he had become, 
so to speak, an honorary American. 

His visit in 1939 was the last stage of a journey round the world via 
Australia, where he attended the meeting of the A.N.Z.A.A.S. in Canberra, 
and lectured and took part in several discussions. He had a new experience 
there, for his old pupil David Rivett drove him from Melbourne to Canberra 
through Gippsland when it was ablaze with the worst bush fires within 
living memory, and the pall of smoke, cutting off the sunlight, compelled 
the car to slow down to a crawl with headlights on early in the afternoon. 
Sidgwick thoroughly enjoyed the weirdness of the scene, which he regarded 
as a realistic glimpse of Inferno. After the meeting he was driven to Sydney, 
and then crossed to New Zealand before returning across the Pacific to 
Vancouver. 

The war of 1939 to 1945 was really a blessing in disguise for Sidgwick— 
or rather for the accomplishment of his purpose. Travelling was out of the 
question; even visits to London were rare, and held no attractions. Oxford, 
of all English cities, was the least affected by war, especially if one was a 
bachelor don liying in College. More important still, from his point of view, 
- the gradual cessation of purely scientific work meant that the flood of new 
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information abated, became a stream, and then a trickle. He was able to 
get abreast of the literature at last. The chief worry now was whether his 
health, which was steadily deteriorating, would last out. It did: his will- 
power and his sense of humour sustained him. 

The book, which had grown to two volumes of 750000 words, was finished 
at the end of October 1947 but for a final revision and the compilation of an 
index. The first part was sent to the Clarendon Press early in 1948. The 
Press was too optimistic about the probable date of publication, which called 
forth a typically Sidgwickian outburst later on: 


‘Hena22, 1990 
Dear ——, 

“Hope deferred maketh the heart sick.” The Press promised me 
that my book would be out in early summer 1949—in late summer 
1949—in Oct. 1949—in Nov. 1949—in January 1950—and finally 
and definitely (on Feb. 9) that it would be published on March 9. 
Now Mr —— writes to say that it will be published on March 23— 
after term. I don’t suppose this statement is any more true than the 
previous ones. We now know what the promises of the Press are worth. 

When the reviewers say, as they certainly will, that the book is not 
up to date, I shall have to explain that this is largely due to the inter- 
minable delays of the Press. 

Yours regretfully,’ 


A soft answer, delicately pointing out the difficulties of printers so soon 
after the war, and the delay in preparing the index, subdued his wrath. 
He had only to possess his soul in patience for another month. The Press 
kept its last promise; and a week later, uplifted in spirit though enfeebled 
in body, Sidgwick sailed once more for the United States. He gave a few 
informal lectures, and ranged over the length and breadth of the country and 
into Canada, revisiting friends and places that he had not seen for eleven 
years. He went again in 1951, knowing full well that he was running the risk 
of shortening his life. But it was worth it. The warmth of his reception at the 
meeting of the American Chemical Society in New York, which he attended, 
will not be forgotten by those who were present. He was very feeble then, but 
still indomitable. He spent most of the three months of his absence in the 
company of Lee Davy, the dearest of his younger friends, who had been 
his research assistant at Cornell. He returned home to die. 


‘But he had revisited his old friends, he had received their con- 
gratulations on the completion of his great book, he had been as he 
had hoped to the giant atomic energy plant at Oak Ridge, and he had 
seen, as he had always wanted, the maple leaves of New England in 
their autumn splendour. His own autumn, too, had not lacked colour, 
and was fruitful to the last, the winter mercifully brief.’* 


* Oxford Magazine, 1 May 1952 (C.N.H.). 
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The chemical elements and their compounds is a monumental work of scholarship. 
As one reviewer (D.LI.H.) wrote: ‘never before has the content of chemistry 
been reviewed with such penetrating perception of its structure and such 
illuminating criticism of its philosophy.’ Its aim was to discuss in detail the 
properties of all the elements and their compounds in the light of modern 
theory; and especially to bring the same order into the study of inorganic 
chemistry as had existed so long in organic chemistry. No one had attempted 
a task of such magnitude before; and it is safe to say that no one else could 
have achieved it with such remarkable success. It contains nearly 10000 
references to original papers, the greater part of which had been studied and 
documented, and their essential points stored in Sidgwick’s capacious mind, 
which never seemed to reach saturation. It was not to be expected that a work 
of such dimensions could be altogether free from errors and omissions; indeed 
the book was still hot from the press when chemists from many countries 
wrote to combine with their congratulations gentle complaints that their own 
work had been overlooked or misinterpreted. Other criticisms have been 
made—not without foundation. But few great works of art or scholarship 
have been free from imperfections; and I can imagine no more instructive 
task for a young chemist than to compile a list of the mistakes in Sidgwick’s 
last and greatest book. It will take him many months of labour, and into 
many fields of knowledge, still only partially explored. For the mature 
chemist it is a mine of information into which he cannot dip at any point 
without being led to read on by interest in the subject matter and the attrac- 
tion of the style. Sidgwick’s own estimate of its circulation—‘judging from 
the number of enquiries I get about the book’s progress from both sides of the 
Atlantic’-—was from 3000 to 5000 copies within three years. Up to date 
about 9000 copies have been sold. It will be surpassed in time; but it will 
long remain a standard work, and a pattern for future authors to emulate. 

Sidgwick’s place in the history of chemistry is assured. His own researches, 
embodied in a long list of contributions to scientific journals, are not out- 
standing for originality. He was a natural philosopher rather than a re- 
searcher; inductive rather than deductive; a weaver rather than a spinner. 
He would weave the threads of the discoveries of others into an ordered and 
harmonious pattern on a grand scale. He exerted a great influence on his 
contemporaries. His wide interests and knowledge, his forceful and clear 
speaking, illumined all discussions, whether in private gatherings or before 
large audiences. He was a most welcome visitor to international conferences, 
a cosmopolitan in the true tradition of science. 

On Oxford he has left a mark which will be slow to fade. When he first 
came to Oxford as an undergraduate chemistry had only just begun to revive, 
largely through the work of College tutors in their own laboratories. ‘The 
University Department of Chemistry was badly equipped, and lacking 
in leadership. Odling was, even then, rather an interesting link with the 
past than a guide to the future. Physicists had few contacts and no common 
ground with chemists. Long before he died Oxford was recognized as a lead- 
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ing school of chemistry throughout the world, and physicists and chemists 
were bound together by covalent bonds of interest. Sidgwick had a large 
share in this transformation through his personality and powers of leader- 
ship. 

When he retired from the Delegacy of the Clarendon Press, after nearly 
thirty years service, his colleagues caused to be recorded a minute which 
includes the following paragraph: 


‘The deliberations of the Delegates and of the Finance Committee 
have gained by his power of analysis, the lucidity of his expression and, 
upon occasion, the pungency of his wit. The width of his knowledge and 
range of his friendships have been of great value to the Delegates in 
their dealings with books and authors.’ 


‘The pungency of his wit.? What memories that phrase recalls! His wit was 
proverbial, and could most certainly be pungent. A story is told how, on an 
occasion in Congregation, when he was destroying with relentless logic the 
arguments of an opponent, one by one, an older member was overheard to 
mutter: ‘It’s like hammering nails into a coffin.’ That is a perfect description 
of Sidgwick in one of his gladiatorial moods, which could be aroused by a 
conviction that an injustice was being done, or a wrong policy pursued. His 
strength in argument lay not only in his clarity of thought, and in the right 
choice of words which came to him without hesitation, but also in his 
aggressive commonsense. He would pounce like a tiger on any loose, in- 
accurate or pretentious statement. His friends did not escape. ‘He’s bitten 
most people’ said one of his admirers, ‘he’s bitten me, I suppose he’s bitten 
you ?’ Some were bitten so often that they became immune; others, more bold, 
would joyfully enter upon the unequal contest and derive great entertainment 
from it. He sometimes talked for victory, like Dr Johnson. He enjoyed him- 
self on those occasions; and who would not with such weapons always at 
the ready? He made no attempt to conceal his personal prejudices, which 
were usually irrational and often productive of his wittiest remarks. But at 
heart he was the kindliest of men; genuine, sincere and lovable. 

His emotions were strong and deep. He was passionately fond of music, 
especially in his younger days, when it was not unusual for a pupil to call on 
him for a tutorial and find him deep in the score of some classical music 
in preparation for an evening concert. He could play no instrument but the 
obsolete pianola, on which, strange to say, he became expert enough to 
please others besides himself, and which remained in use until it was super- 
seded by a borrowed broadcast receiver. In his reading he was omnivorous; 
an apt quotation was always on his lips in conversation; and his retentive 
memory, constantly enriched by his travels and experiences abroad, made 
him a most delightful companion. He was a real humanist, old style. 

He seemed quite indifferent to his immediate surroundings and to his 
personal comforts. A stranger, entering his rooms for the first time towards 
the end of his life, and observing the shabbiness of the furniture and the 
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squalor of his bedroom, might well have inferred that he was in the presence 
of one of the poorest members of the University, instead of one of the richest; 
an opinion which he would have had to revise had he stayed to enjoy 
Sidgwick’s hospitality. As a host he was supreme, always courteous and 
attentive, as good a listener as he was a talker, which is an unusual com- 
bination. As a guest he was welcome wherever he went and could be relied 
on to make a success of any party. An American admiral who sat next to 
him at lunch said afterwards to his host: ‘That was a remarkable man I was 
talking to: are there many like him in Oxford?’ ‘Oxford’s full of them’, was 
the unblushing reply. 

_ His indifference to his surroundings often seemed to extend to the troubles 
and difficulties of others, but this was due to a certain lack of imagination on 
his part. He could never have realized how exacting he could be of the 
efforts of friends who helped him in his work or on his journeys; nor how 
his colleagues and the College staff strove to protect him from the privations 
of war. He was curiously parsimonious in small ways; it really pained him to 
to have to pay highly skilled indexers of his books at a rate which an un- 
skilled labourer would scorn. But he was a most generous man in big ways, 
not only in his private benefactions, which were noble, but also in the credit 
he would give to others. His health was robust up to well past middle age; 
but physical infirmities began to grow on him after the age of 60. He met 
them stoically, seldom complained, and his sense of humour did not desert 
him on his deathbed. 

In 1950 some of Sidgwick’s old pupils commissioned John Merton to 
paint his portrait. When it was finished it was presented to the College. I 
went to see it in the autumn, hanging in the College Hall. It is a striking 
portrait of Sidgwick in his old age, but many of us will prefer to remember 
him as he was in the fullness of his vigour. The old man himself was beside 
me, gazing steadfastly and thoughtfully at his image. ‘What was he think- 
ing?’ I wondered. Death could not be very far off now; and death, for him, 
meant oblivion. He had no belief in an individual after-life. Still, his work 
was done; and it was good work. His books would be treasured in the College 
library: his name would live for ever in the College records. It was a pity 
that he had no sons to carry on the magnificent Sidgwick tradition of scholar- 
ship and learning: but perhaps one day his American godson Nevil would 
come to Oxford, and find a special welcome for his sake in Lincoln College. 
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NICOLAI IVANOVITCH VAVILOV 
1885-1942 


N. I. Vavitov was born in 1885. The son of a textile manufacturer, he came 
from an able family. His brother, now deceased, was a distinguished physicist 
and a past president of the U.S.S.R. Academy of Sciences. In 1913 and 
1914 Vavilov worked with Bateson at the newly established John Innes 
Horticultural Institution. He returned to Moscow in August 1914, on the 
S.S. Runo, which struck a mine on the voyage home and caused the loss of his 
valuable experimental materials. During the First World War he began his 
well-known explorations for cultivated plants. In 1916 he visited Persia and 
the surrounding countries, principally in search of materials for his cereal 
collections, though he had already done much experimental work on the 
systematic relationships of cereals. In 1917 he went as professor of agriculture, 
botany, and genetics to Saratov. Later, as head of the All-Union Institute of 
Plant Industry and as the successor of Philipchenko in control of the Bureau 
of Genetics of the Academy of Sciences, his work came to be recognized by 
Lenin, who gave him the joint post of President of the Academy of Agricul- 
tural Sciences and Director of the Institute of Applied Botany. ‘Thus in 1921 
at the comparatively early age of 36, Vavilov was enabled to carry out his 
vast projects for agricultural research. In the course of a few years he set 
up more than four hundred research institutes and experimental stations, 
covering the whole area of the Soviet Union from Leningrad to Vladivostock. 
Several of these had as many as two hundred research workers and it is 
estimated that by 1934 their staffs comprised over 20000 workers. Notwith- 
standing these vast administrative duties, Vavilov still found time to indicate 
to his colleagues the precise scientific details of the research programmes 
entrusted to them. He kept in constant touch with all the important work of 
the research stations and he controlled policy less by active direction than by 
guiding and sustaining research wherever he found it to be good. 

Being convinced that the cure for plant diseases was to be found in the 
relatively new science of genetical engineering he set to work to explore the 
genetical variability of cultivated plants in what he thought to be their 
centres of origin, either primary or secondary. To quote Vavilov’s own 
words: ‘The Institute of Plant Industry has organized some seventy expedi- 
tions to various parts of the world. The objects of these expeditions were 
briefly, to collect practically every variety of economic plant which might be 
of use to the U.S.S.R., and to study the diversity of varieties of cultivated 
plants by employing the methods of the taxonomist, cytologist and biochemist. 
In understanding this work we have been prompted by the actual needs of 
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plant breeding, which involves some of the most pressing practical problems 
in our large scale agriculture. It was evident to us that in order to conduct 
any rational large-scale work in plant breeding it was necessary to master 
exhaustively the whole initial varietal potentialities of the world as well as to 
learn about the nearest wild relatives of our useful plants’, and to illustrate 
the vast scale on which he worked it may be mentioned that the collection of 
wheat grown and maintained near Leningrad amounted to 30000 varieties. 
Numerous studies of the taxonomy and variability of this wealth of material 
were published in his journal, the Bulletin of applied botany, genetics and plant 
breeding, which became an international organ of great repute. 

Animal variability was not neglected and numerous centres were established 
for the study of the origin and distribution of the main domestic animals. 

Expeditions revealed the great wealth of economic plant material of 
Afghanistan, Abyssinia and China as well as Central and South America. 
The expedition to Abyssinia, Vavilov carried out single-handed. He was 
given the sum of £1000 by Lenin for his total expenses. For six weeks he did 
not even take off his overcoat. During the day he travelled and collected. 
When night came he flung himself on to the floor of some native hut. He ate 
whatever native foods were available. Dysentery afflicted him throughout his 
expedition but he returned with several thousand specimens some of which 
proved to be of great value to the plant breeders. 

The collections were also to be the raw materials of new theories on the 
origin of cultivated plants. His basic idea was derived from plant systematics. 
It was that the geographical centre from which a cultivated plant spread was 
marked by the greatest genetic diversity and also by the greatest concentra- 
tion of dominant genes. The meaning and validity of this contention have 
been disputed on both special and general grounds. His theories nevertheless 
have made possible the combined and rigorous systematic and cytogenetical 
treatment of variation within species of cultivated plants. In theory, Vavilov 
marked the first great advance on De Candolle. In practice he laid the 
foundations of all future improvement of crop plants. His discovery that the 
ordinary potato, Solanum tuberosum is only one of a large number of species 
with edible tubers, domesticated in South and Central America in pre- 
historical times, led to the establishment of the Empire Potato Collection 
maintained at Cambridge, which, fragmentary as it undoubtedly is, lies at 
the basis of potato breeding in Britain and elsewhere. 

Vavilov had a mind that never slept and a body which for its capacity for 
enduring physical hardships can seldom have been matched. He could work 
twenty hours a day for weeks on end. But in spite of the Napoleonic traits and 
a certain flamboyant showmanship his intellectual integrity was never in 
doubt. Whenever he met another man of science for the first time he would 
ask, ‘What is your philosophy ?’? meaning with what biological first principles, 
if any, do you work? His own attitude is well illustrated by a quotation from 
his last publication, The new systematics, (Oxford 1940), ‘We are now,’ he 
writes, “entering an epoch of differential ecological, physiological and genetic 
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classification. It is an immense work. The ocean of knowledge is practically 
untouched by biologists. It requires the joint labours of many different 
specialists—physiologists, cytologists, geneticists, systematists and_bio- 
chemists. It requires the international spirit, the co-operative work of investi- 
gators throughout the whole world. . . We do not doubt that the new 
systematics will bring us to a new and better understanding of evolution, to a 
great increase in the possibilities of governing the processes of evolution, and 
to great improvement in our cultivated plants and domestic breeds of animals. 
It will bring us logically to the next step; integration and synthesis.’ 

Vavilov had just under twenty years to develop his ideas and to get his 
Research Institutes into going order. His views on genetics and evolution 
were not popular in government circles, where a naive belief in the inheri- 
tance of acquired characters was given wide credence. His influence waned 
before the virulent attacks of Lysenko who became the tool of the Lamarckian 
elements in official circles. This conflict came to a head in 1939, Lysenko 
emerging as the victor. Soon after, Vavilov lost his official posts and Lysenko 
became the new President ofthe Academy of Agricultural Sciences. But though 
Vavilov was latterly thought little of in his own country, his fame abroad 
steadily increased. He was asked to be president of the International Congress. 
of Genetics in 1939, an honour which, after first accepting he had to 
renounce when the Russians decided to take no part in the Congress. In 
1942 he was elected a foreign member of the Royal Society, though he 
probably did not know this. 

Vavilov spent all his life collecting and observing and arranging facts and 
ideas. He spoke several European and some Asian languages fluently, and 
with the same enthusiasm with which he studied their agriculture he in- 
terested himself in the customs, arts and music of the peoples he sojourned 
among. Physically he was rather short and dark, of a stocky build and a 
somewhat Tartar cast of countenance. 

According to Professor H. J. Muller, he was arrested in 1940 during the 
period of the Hitler—-Stalin pact, as an alleged British spy and for following 
Huxley. He was sent to the far north-east of Siberia, probably in 1941, and 
died there in 1942 apparently largely as the result of the hardships he had 
suffered since 1940. 

So died one of the greatest men that the Soviet Union has produced. A 
world-wide host of friends have lamented his death. They are not likely to 
forget his Robesonian depth of voice, his Falstaffian breadth of gesture. And 
science at large will remember his achievement, an achievement that 
survives his own meteoric career and tragic end. 


For the compilation of this obituary, I have made extensive use of the 
joint obituary published in Nature, in November, 1945 (Vol. 156) by myself 
and Professor C. D. Darlington, F.R.S. I am indeed indebted to Professor 
Darlington for permission to make use of that part of the obituary for 


which he was responsible. S. C. HarLAND 
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